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►  BIRTHDAY  .  .  .  This 
is  Electronics’  fif¬ 
teenth  anniversary  is¬ 
sue.  In  April  1930,  when 
the  first  issue  was  pub¬ 
lished,  this  country 
along  with  all  others  was 
in  the  midst  of  a  great 
economic  depression.  En¬ 
gineers’  brains,  how¬ 
ever,  were  not  sterile; 
and  some  of  the  devices 
which  are  so  useful  to¬ 
day  came  from  seeds 
planted  in  the  early 
1930’8. 

Fifteen  years  ago. 


panded  communication 
services  that  would  come 
with  the  microwaves — 
but  even  the  best 
dreamer  could  not  have 
imagined  all  the  micro- 
wave  applications  that 
have  come  from  the  ac¬ 
celerated  research  due 
to  war. 

Just  five  years  ago,  en¬ 
gineers  were  still  hunt¬ 
ing  for  jobs.  In  spite  of 
all  manner  of  shots  in 
the  arm,  the  country  was  still  sick  economically.  Eu¬ 
rope  and  Asia  were  at  war ;  but  Americans  had  not  yet 
felt  the  cold  breath  of  strife.  Today,  jobs  are  hunting 
The  whole  world  is  at  war;  money  is 
cheap — but  to  get  a  cigarette  you’ve  got  to  stand  in 
line  or  monkey  with  the  black  market. 

Fifteen  years  ago.  Electronics  pioneered  a  new  and 
strange  word.  For  a  number  of  years  the  circulation 
remained  at  about  (JOOO ;  then  our  subscribers  in¬ 
creased  in  number  and  have  continued  to  do  so  ever 
Today  the  circulation  is  about  24,000.  Within 
a  short  two  or  three  years,  additional  hundreds  of 
thousands  of  men  have  learned  what  electronics  can 
It  must  be  the  sincere  hope  of  all  of  us  that  most 
of  these  hardened  and  experienced  electronic  techni¬ 
cians  will  find  their  place  in  the  post-war  sun. 


On  the  menthead  of  the  first  lame  of  ELECTRONICS.  April 
1930.  appeared  the  name  of  the  pioneer.  Dr.  Lee  deForest. 
This  photo  of  one  of  hU  early  cmdions  (used  in  color  on  the 
coTer)  commemorates  not  only  our  birthday  but  the  whole 
art  that  has  come  from  his  early  inTention 


With  more  complex 
itructures.  Radio  set 
manufacturing  compa¬ 
nies  were  advertising 

ii^e  “perfect”  tone  quality  of  their  products;  tube 
manufacturers  were  using  electronic  heating  but  no 
one  else  gave  it  much  of  a  thought. 

Ten  years  ago  the  FCC  was  about  to  reallocate  the  for  engineers, 
broadcast  spectrum  and,  as  always,  was  under  terrific 
pressure  to  add  a  thousand  or  two  stations  to  those 
^ready  spraying  the  ether  with  palaver.  WHEN  in 
uffalo  celebrated  the  first  anniversary  of  its  seven- 
meter  broadcasting  station  W8XH.  Engineers  were 
nware  of  the  advantages  of  the  high  frequency  carrier, 

'•w  w  usual,  station  managers  felt  that  something  since, 

“*w  like  short-wave  operation  was  a  complicating  idea 
j  ®ight  upset  the  standard-band  setup. 

,  ^  April,  just  five  years  ago,  engineers  were  debat-  do. 

heatedly  whether  f-m  had  any  advantages  over 
m.  Today  the  technical  advantages  are  well  recog- 
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The  Radar 


The  basic  relationship  which  governs  the  design  of  a  radar  system  is  an  equation  which 
relates  the  radiated  power  and  receiver  sensitivity  to  the  distance  and  size  of  the  detected 
object.  This  equation  is  here  derived  from  fundamental  considerations 


CONSIDERATIONS  OF  SECURITY  at 
present  forbid  disclosure  of 
the  performance  of  particular  ra¬ 
dar  equipment.  No  such  prohibi¬ 
tion  applies  to  the  fundamental 
principles  which  govern  radar  op¬ 
eration. 

The  basic  factors  concerned  are 
the  formation  and  propagation  of 
radio  beams,  and  tne  reflection  of 
radio  waves  when  they  encounter  a 
sudden  change  in  the  electrical 
properties  of  the  transmission  me¬ 
dium.  These  fundamentals  are  well 
known.  They  are,  in  fact,  among 
the  earliest  fundamentals  estab¬ 
lished  in  the  radio  art,  enunciated 
by  Hertz  in  1887. 

It  is  the  purpose  of  this  paper 
to  examine  the  factors  which  gov¬ 
ern  the  perception  of  reflected  ra¬ 
dio  waves. 

Power  Ceosidorotions 

The  equation  which  links  these 
factors  may  be  termed  appropri¬ 
ately  the  radar  equation,  since  its 
formulation  is  applicable  to  the 
radar  system.  The  simplest  and 
most  fundamental  form  is  the  free- 
space  radar  equation,  which  gov¬ 
erns  the  radar  signal  when  it  is 
propagated  between  a  radar  and  a 
reflecting  object  or  target  in  other¬ 
wise  empty  space.  The  free-space 
radar  equation  relates  the  power 
radiated  from  the  radar  (transmit¬ 
ter  output  and  antenna  gain)  to 
the  power  delivered  to  the  termin¬ 
als  of  the  receiver,  taking  account 
of  the  attenuation  in  space  and  the 
reflecting  properties  of  the  target. 
It  is  derived  as  follows: 

Consider  a  transmitter  which 
delivers  a  peak  power  of  P,  watti 
to  the  radiator.  If  the  radiator  were 
an  isotropic  source,  this  power 
would  be  radiated  equally  in  all  di¬ 
rections.  Ailing  a  sphere  of  con- 

^2 


stantly  increasing  radius  as  in 
Fig.  1(a).  The  density  of  the 
power,  at  a  distance  r  meters,  would 
be  equal  to  the  power  radiated  di¬ 
vided  by  the  area  47tr*  of  the  sphere. 

In  practice,  the  radiator  is  di¬ 
rectional,  a  fact  which  increases  the 
power  density  in  particular  direc¬ 
tions  at  the  expense  of  the  power 
density  in  the  other  directions  as 
in  Fig.  1  (b).  The  maximum  power 
gain  of  the  radiator  is  denoted  by 
Go.  The  power  density  St  radiated 
in  the  direction  of  the  maximum 
gain  is,  then 

G  P 

St  —  /  V  watts  per  sq  meter  (1) 

When  the  wave  encounters  the 
target,  at  range  r,  the  target  ab¬ 
sorbs  and  reradiates  an  amount  of 
power  equal  to  the  impinging 
power  density  St  times  the  scatter¬ 
ing  cross-section  or  echo  area  of 
the  target,  a  square  meters.  We  may 
as.sume  that  the  echo  area  has  been 
determined  empirically.  The  target 
is,  then,  a  source  of  radio  waves,  of 
power  aSt  watts.  It  is  evident  that 
the  power  re-radiated  is  not  uni¬ 
form  in  all  directions,  but  the  value 
a  is  taken  as  that  effective  in  the 
direction  toward  the  radar. 

The  wave,  in  traveling  the  dis¬ 
tance  r  back  to  the  radar,  spreads 
through  a  sphere  of  radius  r,  as  in 
Fig.  1  (c) .  Hence  it  displays,  at  the 
radar,  a  power  density  of 

5r  =  watts  per  sq  meter  (2) 

Substituting  Eq.  (1),  this  is 
G  Pt(^ 

Sr  =«  per  sq  meter  ‘  (3) 

This  power  density  is  gathered 
by  the  effective  absorption  cross- 
section  of  the  receiving  antenna, 
A.  sq  meters,  and  generates  a  power 


at  the  receiver  input  of 

Pr  =  AoSt  watts  (4) 

Substituting  Eq.  (3),  this  be¬ 
comes 

n  AoUoPlO 

* 

Equation  (5)  is  most  informa¬ 
tive  if  it  is  recast  to  express  the 
range  of  the  target  in  terms  of  the 
other  quantities, 

*lPt  AoGo<T 

r  =  meters  (6j 

This  is  the  general  form  of  the 
free-space  radar  equation. 

The  form  of  the  equation  of  most 
practical  interest  is  that  expressing 
the  maximum  range  at  which  de¬ 
tection  of  a  given  target  is  possi¬ 
ble.  For  a  given  transmitter  power 
Pt,  antenna  system  A,G„  and  target 
echo  area  a,  the  range  is  limited  by 
the  minimum  received  power  P.i. 
which  will  generate  a  barely  dis¬ 
cernible  response  in  the  radar  in¬ 
dicator.  The  maximum  range  is 
then  given  by 

iPt  AgGotr  M 

rmax  =  -y  P„ui(4t)»  “***” 

A  surprisingly  large  amount  rf 
information  is  given  by  this  equa¬ 
tion.  It  states  that  the  maxima* 
range  of  a  radar  depends  on  the 
fourth  root  of:  (1)  the  transmittw 
power,  (2)  the  antenna 
and  absorption  area  GA»>  (8)  ^ 
target  echo  area  a,  and  (4)  the  in¬ 
verse  1/Pmim  of  the  minimum  dis¬ 
cernible  received  power. 

Equation  (7)  also  reveals  that 
equal  effects  on  the  maximum  range 
may  be  achieved  by  increasing  the 
transmitter  power  Pi,  or  the 
sensitivity  l/Pmm  of  the 
It  indicates  the  apparent  facts  tba 
the  range  is  greater  when  the  an 
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Equation 


tenna  gain  is  high  and  when  the 
target  has  a  large  effective  area. 

The  fourth-root  modifies  these 
relationships  in  a  very  important 
way.  It  indicates  that  a  given  in¬ 
crease  in  maximum  range  is  ob¬ 
tained  only  at  great  expense  in  ad¬ 
ditional  transmitter  power  and 
antenna  gain  and  that  the  range 
possible  when  viewing  large  tar¬ 
gets  is  only  slightly  greater  than 
that  possible  with  small  targets. 
Doubling  the  value  of  transmitted 
power,  for  example,  increases  the 
maximum  range,  by  V2  =  1.19 
times.  Doubling  the  value  of  A„ 
C,  or  (T  (or  halving  the  value  of 
P.,.)  has  the  same  small  effect,  i.e., 
a  19-percent  increase  in  maximum 
range.  In  engineering  terms,  a 
12-(ib  increase  in  transmitted  power 
or  receiver  sensitivity  is  required 
to  double  the  maximum  range. 

The  radar  equation  expressed  in 
Eq.  (7)  gives  no  clue  as  to  the  de- 


plicit  in  the  quantities  A.,  G,  and  a. 
The  radiator  gain  G.  and  absorp¬ 
tion  across  section  A,  are  readily 
computed,  to  a  fair  approximation, 
from  the  operating  wavelength  and 
the  area  of  the  reflector  surface. 

Influence  of  Operating  Wavelength 

The  gain  is  defined  as  the  ratia 
of  the  solid  angle  subtended  by  a 
point-source  radiator  to  the  solid 
angle  subtended  by  the  beam.  The 
angle  subtended  by  the  beam  de¬ 
pends  evidently  on  the  form  of  the 
radiator.  One  of  the  commonest 
forms  is  the  circular  reflector, 
whose  diameter  is  D  meters  and 
whose  area  across  the  face  is  A  = 
t.D'/A  sq  meters.  The  beam  pro¬ 
duced  is  of  circular  cross-section 
and  occupies  a  minimum  angular 
width,  between  half-power  points, 

of  X  \ 

=  -77  =  ttT—  radians  (8) 


ative  to  an  isotropic  radiator,  is 


The  radiator  proper  is  custom¬ 
arily  a  dipole  mounted  at  right  an¬ 
gles  to  the  direction  of  maximum 
gain.  The  dipole  has  an  inherent 
power  gain,  in  that  direction,  of  3/2 
over  an  isotropic  radiator.  Hence 
the  total  maximum  gain  G.  of  the 
radiator  is 

The  absorption  cross  section  A, 
is  related  to  the  maximum  receiver 
antenna  gain  G,  by  the  following: 

A,  =  sq  meters  (11) 

When  the  radar  uses  a  single  re¬ 
flecting  system  and  dipole  (or  di¬ 
poles)  for  transmitting  and  receiv¬ 
ing,  Gr  =  G„,  and 


A^rU  1945 


A0  =  A  aq  meters 


which  is  simply  the  area  of  the  re¬ 
flector. 

The  dependence  of  the  echo  area 
a  on  the  operating  wavelength  can¬ 
not  be  generally  stated  except  for 
targets  of  simple  shape.  Accord¬ 
ingly  the  quantity  a  is  retained 
without  further  analysis,  with  the 
understanding  that  its  contribution 
to  the  radar  equation  does  in  fact 
vary  with  the  operating  frequency, 
but  in  a  manner  which  is  so  de¬ 
pendent  upon  the  particular  target 
and  its  aspect  that  no  general  con¬ 
clusions  can  be  drawn. 

Returning  now  to  the  radar  equa¬ 
tion  for  maximum  range,  Eq.  (7), 
and  substituting  Eq.  (10)  and  (13) 
for  G,  and  we  obtain 


VPt  A»« 

Pn.io  X* 


This  equation  indicates  that  the 
maximum  range  increases  in¬ 
versely  as  the  square  root  of  the 
wavelength,  or  directly  as  the 
square  root  of  the  frequency,  pro¬ 
vided  that  we  can  choose  the  area 
A  of  the  reflector  without  regard 
to  frequency.  Thus  if  we  can  select 
a  convenient  value  of  A  and  let  it 
remain  fixed,  the  maximum  range 
will  increase  slowly,  all  other  fac¬ 
tors  remaining  unchanged,  as  the 
frequency  is  increased. 

One  important  aspect  of  radar 
design  is  the  beam  width,  X/D.  As 
the  wave  length  is  decreased  (fre¬ 
quency  increased)  with  a  given 
area  of  reflector,  the  beam  becomes 
narrower.  A  practical  limit  is 
reached,  with  a  fixed  value  of  A, 
when  the  beam  becomes  so  narrow 
that  it  is  impractical  to  scan  a  large 
region  of  space  in  a  reasonable 
time.  Hence  it  is  of  interest  to  con¬ 
sider  the  effect  of  frequency  on 
maximum  radar  range,  when  the 
beam  width  is  fixed.  To  show  this, 
Eq.  (14)  is-  re-written,  substitut¬ 
ing  Eq.  (8),  as 


Pmln64b«' 


done,  the  range  achieved  is  greater 
than  in  comparable  high-frequency 
radars  of  the  same  beam  width. 


influence  of  Receiver  Characteristics 


The  quantity  P^m,  which  repre¬ 
sents  the  power  sensitivity  of  th3 
receiver,  must  be  examined  in  de¬ 
tail  to  relate  the  maximum  radar 
range  to  receiver  characteristics. 
P„,B  is  the  minimum  reflected  sig¬ 
nal  power  to  which  the  receiver  will 
give  a  discernible  response  against 
noise.  The  quantity  depends,  there¬ 
fore,  on:  (1)  the  amount  of  noise 
present,  and  (2)  the  amount  of  sig¬ 
nal  necessary  to  give  an  indication 
just  distinguishable  against  the 


The  first  factor,  the  noise  pres¬ 
ent,  arises  from  many  sources,  the 
most  important  of  which  is  circuit 
(thermal)  noise  generated  in  the 
receiver.  The  second  factor,  the 
minimum  signal  required  to  pro¬ 
duce  a  response  against  the  noise,  is 
fundamentally  a  psychological  quan¬ 
tity,  since  the  act  of  discerning  the 
signal  involves  the  eye  and  mind  of 
the  observer.  Before  the  least  dis¬ 
cernible  signal  can  be  specified  in  a 
particular  instance,  it  is  necessary 
to  know  the  type  of  indicator  em¬ 
ployed,  and  similar  factors  involved 
in  transferring  the  signal  voltage 
into  an  indication. 

The  minimum  discernible  re¬ 
ceived  power  P„,„  is  taken  as  equal 
to  the  thermal  noise  generated  in 
the  receiver  output,  thus 


Thus,  when  the  beam  width  is 
fixed,  the  maximum  range  increases 
with  the  square  root  of  the  operat¬ 
ing  wavelength.  It  is  necessary,  of 
course,  to  use  large  reflectors  to 
produce  a  suitably  narrow  beam  at 
low  frequencies,  but  when  this  is 


Pmin  =  nkTAf  watts  (16) 

where  n  is  the  receiver  noise  figure, 
k  is  Boltzmann’s  constant,  1.38  x 
10  **  watts  per  degree  per  cycle,  T 
is  the  absolute  temperature  in  de¬ 
grees  Kelvin  (degrees  centigrade 
plus  273  deg),  and  A/  is  the  effec¬ 
tive  bandwidth  of  the  receiving 
system  in  cps. 

The  quantity  fcTA/  is  the  avail¬ 
able  external  noise  power,*  that  is, 
one-quarter  of  the  noise  power 
(4fc7’A/)  generated  by  the  random 
motion  of  charges  in  space  and  de¬ 
veloped  in  the  radiation  resistance 
of  the  antenna.  The  equivalent 
temperature  of  space  is  not  defi¬ 
nitely  known,  so  the  limit  of  re¬ 
ceiver  sensitivity  is  not,  as  yet,  a 
definitely  known  quantity.  For  pur¬ 
poses  of  standardization  T  may  be 
taken  as  290  deg  K  (room  temper¬ 
ature)  and  fcTAf  equals  4  x  10'" 


watts  per  cycle  of  effective  band¬ 
width. 

The  fact  that  the  thermal  noiit 
power  present  in  radio  receptiw 
increases  in  direct  proportion  to 
the  effective  bandwidth  has  impor- 
tant  consequences.  To  show  thia 
we  substitute  nfcTA/  for  ju 
Eq.  (14), 


lnkT^/4rX*‘ 


This  equation  states  that  the 
maximum  range  decreases  as  the 
bandwidth  is  increased.  The  band¬ 
width  required  varies  inversely  as 
the  pulse  width.  In  particular,  for 
optimum  peak  signal-to-noise  ratio, 
the  bandwidth  should  be  approxi¬ 
mately  1/d  Me  where  d  is  the  pulse 
length  in  microseconds.*  Substitut¬ 
ing  A/  =  1/d  in  Eq.  (17)  we  obtain 


*  iPt  d  A*a 


Hence  the  fourth  root  of  the  energ} 
of  the  pulse  Ptd  (the  peak  power 
times  the  pulse  length)  determines 
the  range  of  the  system,  rather  than 
the  peak  power  alone. 

The  above  analysis  is  made  plans 
ible  by  the  following  reasoning: 
The  range  of  a  radar  may  be  in¬ 
creased  by  increasing  the  peak 
power  of  the  pulse,  provided  the 
pulse  length  is  not  proportionately 
decreased  in  the  process.  If  the 
pulse  length  is  decreased  in  propor¬ 
tion,  the  necessary  bandwidth  and 
the  thermal -noise  power  increase, 
in  proportion,  so  no  benefit  is  de¬ 
rived  from  the  increase  in  peak 
power.  In  other  words,  high  peak 
power  is  not  used  for  its  own  sate- 
It  is  used,  rather,  to  obtain  suffi¬ 
cient  average  power  for  a 
maximum  range,  when  the  pulse 
specifications  have  been  set  hf 
other  considerations. 

The .  application  of  the  radar 
equation  depends  on  specific  n^ 
erical  values  of  the  constants,  ua* 
fortunately  none  of  the  pertinen 
factors,  such  as  operating  frequ® 
cies,  pulse  lengths  and  pe^  P®^’ 
antenna  dimensions,  receiver  nois« 
figures,  or  target  echo  areas,  iw 
be  disclosed  for  the  present— D- 
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HUMAN 

Centrifuge 


Intensity  and  duration  of 
gravity  increase  at  the  termi¬ 
nation  of  a  dive  are  simu¬ 
lated  in  the  aero-medical 
laboratory  at  Wright  Field. 
Effects  on  pilot  are  studied 
by  numerous  means  involv¬ 
ing  electronics 
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BATED  in  an  aircraft  pilot’s  is  located  in  the  aero-medical 
Iposition,  a  volunteer,  above,  laboratory  of  the  AAF  materiel 
whirled  in  a  human  centrifuge  command,  Wright  Field,  Dayton,  0. 
speeds  calculated  to  reproduce  Attached  to  the  subject’s  ear  is 
effect  of  pulling  out  of  a  dive  a  photoelectric  plethysmograph 
various  values  of  g.  which  monitors  the  fullness  of  his 

lie  seat  is  trunnion-mounted  blood  vessels.  The  twisted  pair 
the  end  of  a  revolving  arm  and  coming  over  his  shoulder  leads  to 
umes  a  horizontal  position  the  light  source  in  front  while  the 
eways  under  the  influence  of  heavier  cord  is  the  shielded  line 
itrifugal  force.  Thus  the  pilot’s  from  the  phototube.  The  cap  is 
rsical  attitude  with  respect  to  plastic  and  bears  electrodes  for 
motion  becomes  analogous  to  brain-wave  pickup. 

I  actual  pullout.  The  equipment  Actual  measurements  are  per¬ 


formed  in  an  adjoining  room  over 
lines  which  extend  from  the  pilot 
position  by  way  of  the  axis  of  the 
centrifuge  and  can  be  seen  leading 
up  the  central  column  in  the  lower 
illustration.  The  observation  desk 
is  at  the  axis  and  revolves  with  the 
subject.  Telephone  communica¬ 
tion  is  maintained  with  him  from 
this  point  and  motion  pictures  are 
taken  by  the  motor-driven  camera 
at  the  left.  Floodlights  for  this 
purpose  are  in  the  foreground. 

Control  of  the  program  of  rota¬ 
tion  of  the  centrifuge  is  photoelec¬ 
tric  and  determined  by  a  curve 
drawn  on  a  paper  strip.  Scanning 
of  the  strip  establishes  the  time 
taken  for  the  unit  to  get  up  to 
speed,  the  number  of  g  exerted, 
and  the  duration  of  the  test,  It  is 
thus  possible  to  repeat  e^ractly  the 
same  set^of  conditions. 

Some  of  tbe  findings  froni.these 
tests  show  that  a  tense  pilot,  or 
one  wlio  yells  during  the  pullout, 
blacks  out  less  easily  than  a  re¬ 
laxed  pilot.  Subjects  who  have 
had  repeated  rides  in  the  centri¬ 
fuge  black  out  at  a  lower  g  rating 
than  novices  because  the  excite¬ 
ment  in  prospect  raises  blood  pres¬ 
sure.  As  the  ride  becomes  famil¬ 
iar,  the  effect  disappears.  Taping 
of  the  body  and  prone  or  crouching 
positions  also  make  it  possible  to 
undergo  faster  pullouts. 
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Practical  Electronic 

Men  who  manage  plants  considering  the  inclusion  of  tubes  in  post-war  products  will  be 
interested  in  this  text  telling  what  tubes  can  and  can  not  do.  Producers  of  packaged  con¬ 
trols  will  also  find  it  informative  and  some  suggestions  should  prove  helpful  to  engineers 
previously  concerned  with  communications  equipment  design 


The  question,  “Shall  we  go  in 
for  electronic  control?”  cur¬ 
rently  concerns  many  manufactur¬ 
ers  in  many  fields.  This  article  is 
dedicated  to  those  men  in  manage¬ 
ment  who  have  to  decide.  It  also 
may  serve  as  a  reminder,  to  engi¬ 
neers  who  have  devoted  their  ef¬ 
forts  mostly  to  radio,  of  the  vast 
difference  between  communications 
devices  and  those  adapted  to  indus¬ 
trial  control  work. 

It  is  obviously  advisable  for 
manufacturers  contemplating  new 
products  to  consider  the  application 
of  electronic  controls  to  their  par¬ 
ticular  line.  The  incorporation  of 
such  controls  into  any  piece  of 
equipment  may  have  important  eco¬ 
nomic  consequences  for  the  maker. 
It  may  improve  performance  and 
create  a  new  demand  for  an  exist¬ 
ing  product.  On  the  other  hand,  it 
may  cause  serious  losses  if  it  is 
not  acceptable  to  the  user. 

Th«  Place  of  Eleefrenict 

Let  us  put  this  newest  of  arts  in 
the  proper  perspective  with  refer¬ 
ence  to  other,  older  means  of  get¬ 
ting  things  done. 

Industrial  electronic  devices  are 
intermediate  links  which  take 
power  at  their  input  terminals  in 
one  form  and  deliver  it  to  the  out¬ 
put  terminals  in  another  form.  The 
electronic  device  itself  can  am¬ 
plify,  rectify,  switch,  time  and  per¬ 
form  other  such  functions  but  it  al¬ 
most  invariably  remains  just  a  part 
of  some  non-electronic  processing 
equipment.  The  input  may  be  the 
power  line  or  it  may  be  a  weak  sig¬ 
nal  from  a  sensing  element  such  as 
a  thermocouple,  pressure  gage,  or 
what  have  you.  At  the  output  end 
there  is  in  almost  all  cases  either  a 
relay  or  a'  motor  which  actually  per¬ 
forms  the  desired  work.  This  fact 
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precludes  many  of  the  ambitious 
dreams  of  new  electronic  marvels. 
If  those  responsible  for  final  deci¬ 
sions  on  new  products  will  keep  it 
in  mind,  many  disappointments  will 
be  avoided. 

To  make  this  abundantly  clear, 
let  us  consider  a  web  printing  ma¬ 
chine.  Web  printing  machines  are 
designed  to  print  and  cut  labels  in 
large  quantities  for  toothpaste  and 
similar  mass-production  packages. 
Phototube  devices  are  often  em¬ 
ployed  to  make  sure  the  machine 
cuts  the  labels  at  the  proper  place. 
The  phototube  has  immensely  in¬ 
creased  the  accuracy  of  such  ma¬ 
chines  but  would  have  been  of  lit¬ 
tle  value  had  not  machines  been  re¬ 
designed  to  print  and  cut  labels 
faster  and  faster.  In  this  case  the 
usefulness  of  the  phototube  was 
contingent  upon  the  ability  of  en¬ 
gineers  to  make  the  mechanical 
parts  of  the  machine  operate  suc¬ 
cessfully  at  higher  and  higher 
speeds. 

The  case  is  typicaL  It  is  not 
enough  to  design  a  properly  func¬ 
tioning  electronic  link  for  a  prod¬ 
uct.  It  is  also  necessary  to  improve 
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the  overall  performance  of  the  de¬ 
vice  in  order  to  achieve  maximum 
utilization  of  the  capabilitiee  of 
the  electronic  link.  Unless  thu 
overall  improvement  is  possible, 
electronics  is  probably  out  of  place. 

Seme  of  the  Pitfalls 

Pitfalls  await  the  novice  elec¬ 
tronic  control  designer.  In  fact,  he 
is  liable  to  make  his  first  mistake 
right  in  the  choice  of  the  function 
of  the  electronic  link. 

There  are  other  pitfalls  in  the 
design  details.  To  turn  out  an  elec¬ 
tronic  controller  or  an  electronic 
instrument  is  an  engineering  job 
of  the  first  order.  It  takes  time  and 
money  and  sometimes  the  patience 
of  Job,  and  when  it  is  all  donefidd 
tests  must  be  undertaken.  These 
tests  may  show  that  devices  which 
perform  in  a  perfectly  satisfactory 
manner  during  the  most  gruelin? 
laboratory  tests  will  still  fail  i® 
some  respects  in  the  field.  They 
must  often  ^e  radically  changed  be¬ 
fore  they  can  be  put  on  the  market 
with  full  confidence  and  with  the 
assurance  that  the  advantages  they 
give  a  device  over  competitive  prod¬ 
ucts  are  not  more  than 'offset  by 
faults  and  operational  difikrilties 
No  doubt  the  employment  of  >® 
electronic  link  adds  to  the  sales  ap¬ 
peal  of  a  product.  This  is  due  to  tt® 
blaze  of  publicity  which  electronics 
has  received  and  because  of  ^ 
great  assistance  it  has  been  to  os 
war  effort.  Unfortunately 
tronics  has  been  over-publici^ 
Any  appreciable  number  of 
tronic  fakes,  involuntary  or  ddi 
erate,  would  discredit  industrial 
electronics  for  a  long  time.  To  ow 
ket  an  electronic  device  which  is 
^  better  and  does  no  more  ' 
mechanical  or  electrical  comp® 
of  olden  days  would  also  veo 
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discredit  to  industry  even  if  the 
use  of  vacuum  tubes  in  the  device 
fives  it  enhanced  sales  appeal. 
Therefore,  before  releasing  a  new 
device  embodying  electronic  con¬ 
trol,  be  doubly  sure  that  it  has  some 
new  features  which  competitive  de¬ 
vices  do  not  have.  Be  sure  that  it  is 
better  than  your  previous  number. 
At  best  the  device  will  do  things 
that  have  never  been  done  before ; 
at  the  very  least,  the  advantage 
wi  be  in  greater  convenience  of 
operation,  installation  or  mainte¬ 
nance. 

If  you  are  hesitant  in  the  final 
evaluation  of  results,  call  in  a  com¬ 
petent  outsider  for  an  opinion. 
Then  compare  your  opinion  and  his 
and  you  will  learn  a  great  deal.  One 
is,  as  a  rule,  a  poor  judge  of  any 
product  one  has  lived  with  a  long 
time. 

T»eh«ieal  Advantagci 

So  much  for  sales  appeal,  positive 
and  negative.  Are  there  any  great 
technical  advantages  in  the  use  of 
electronics?  Decidedly,  yes. 

Among  the  advantages  of  elec¬ 
tronic  control  the  almost  infinite 
of  response  is  probably  the 
®08t  important  one.  The  response 
cf  the  vacuum  tube  is  instantan- 
^us  for  all  practical  purposes. 
Qectronic  circuits,  however,  do 
time  constants  though  the 
^  delay  is  generally  negligible. 
Welding  timers  constituted  the 
™t  large-scale  and  exceedingly 
*^^**®^**^  industrial  application  of 
^ronic  circuits.  The  task  of  the 
mg  timer  consists  of  deliver- 
^  to  the  welder  primary  powers 
mg  into  hundreds  of  kilowatts 
^«mly  for  a  short  time.  Welding 
commonly  done  at  one  cycle,  that 
^^e*8ixtieth  of  a  second,  and 
'mes  with  a  time  period  as 


short  as  a  quarter-cycle.  The  elec¬ 
tric  energy  must  be  perfectly  syn¬ 
chronized  so  that  the  start  is  made 
at  the  beginning  of  some  half-cycle, 
or  at  least  at  a  definite  electrical 
angle  with  respect  to  it.  Electronic 
timing  is  indicated  because  it  is 
extremely  difficult  to  devise  me¬ 
chanical  or  electro-mechanical 
timers  to  handle  the  large  current 
with  sufficient  accuracy  and  with¬ 
out  rapid  deterioration  of  the  con¬ 
tacting  device. 

Applications  requiring  the  high 
speed  of  electronic  devices  are  le¬ 
gion.  In  military  photography  from 
planes,  for  instance,  it  is  impera¬ 
tive  to  open  the  camera  shutter  a 
few  microseconds  after  a  dropped 
flash-bomb  explodes.  This  can  be 
most  successfully  accomplished  by 
an  electronic  device.  Devices  for 
measuring  the  speed  of  projectiles 


I  Wetttnfjhounr} 

were  made  before  the  advent  of 
the  electron  tube  but  the  new  elec- 
ti  onic  devices  are  so  vastly  superior 
that  they  displace  the  old  types. 

The  second  important  advantage 
of  electronic  control  is  its  sensitiv¬ 
ity.  A  multitube  amplifier  is  not 
necessarily  more  sensitive  than  a 
fine  mirror  galvanometer  but  a  gal¬ 
vanometer  can  move  a  pointer  or  a 
light-band  up  the  scale  and  nothing 
more.  If  the  power  for  a  furnace  is 
to  be  started  or  stopped,  as  directed 
by  the  galvanometer  deflection,  a 
coupling  unit  must  be  added  which 
tran.slates  the  po.sition  of  the  gal¬ 
vanometer  pointer  into  a  function 
of  some  current-making  and  break¬ 
ing  device. 

The  modern  link  between  a  gal¬ 
vanometer  pointer  and  a  contactor 
on  the  wall  or  an  electric  motor  is 
an  electronic  device.  Where  the 


sensitive  galvanometer  pointer  in 
itself  can  accomplish  no  work,  a 
motor  or  relay  can  be  operated  by 
the  output  of  an  electronic  circuit 
which  is  controlled  by  the  galva¬ 
nometer  and  yet  adds  no  load  to  the 
galvanometer. 

The  third  advantage  of  elec¬ 
tronic  control  is  its  suitability  for 
remote  control.  There  are,  for  ex¬ 
ample,  serious  obstacles  in  the  way 
of  using  conventional  thermometers 
and  pyrometers  with  their  sensing 
and  indicating  elements  separated 
by  great  distances.  The  usual  bulb 
thermometer  is  connected  to  the  in¬ 
dicator  and  controller  by  a  capil¬ 
lary  of  minute  diameter.  If  the  in¬ 
dicator  is  200  feet  from  the  bulb 
the  capillary  is  cumbersome  and 
not  too  reliable.  Electronic  links 
can  be  operated  over  almost  any  de¬ 
sired  distance  with  conventional 
wiring. 

.  _^There  is  at  least  one  other  major 
point  of  superiority.  This  is  the 
flexibility  of  control  design.  The 
variety  of  tubes  and  other  circuit 
elements  available  is  almost  as 
great  as  the  number  of  combina¬ 
tions  in  a  chess  game.  Therefore  the 
electronic  control  can  be  given  al¬ 


most  any  characteristics.  It  can  be 
fast,  or  time  delays  may  be  readily 
incorporated.  It  can  be  rugged  and 
sensitive  at  the  same  time.  It  can 
be  comparatively  inexpensive  or  a 
luxury  device  selling  for  thousands 
of  dollars. 

Typical  industrial  Applications 

Though  the  number  of  packaged 
industrial  items  containing  elec¬ 
tronic  controls  is  not  yet  large, 
many  successful  special  applica¬ 
tions  have  been  made.  Some  of  the 
more  important  uses  are  worth  spe¬ 
cific  mention. 

Electronic  control  of  d-c  motors 
was  a  major  industrial  application 
of  electronics.  In  response  to  elec¬ 
tronic,  electrical,  or  mechanical 
monitoring  devices,  tubes  here  reg¬ 
ulate  or  change  Igjp  speed  of  the 
motor  in.  the  required  manner. 

Electronic  links  have  been  ex¬ 
tremely  useful  in  stopping  or  start¬ 
ing  some  oifiall  operations  on  high¬ 
speed machines  where  mechanical 
methods  become  awkward  or  im¬ 
possible.  If,  for  example,  you  wish 
to  use  some  very  delicate  sensing 
device  to  start,  stop  or  control 
heavy  equipment,  an  electronic  link 
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TYPICAL  INDUSTRIAL  TUBES — They  are  generally  used  in  combination 
with  smaller  yarieties  such  as  those  employed  in  radio  receirers 


will  probably  do  the  job  better  thai 
anything  else.  An  electronic  devia 
may,  for  instance,  be  designed  it 
follow  up  the  movement  of  an  in. 
strument  pointer.  The  motorized 
follow-up  equipment  may  perform 
almost  any  control  function,  near 
the  instrument  or  miles  away  from 
it.  Though  the  pressure  of  the 
pointer  on  the  follow-up  mechanism 
can  not  be  more  than  a  fraction  of 
a  milligram,  reliable  operation  cac 
be  had  by  electronic  methods.  Then 
are  cases  where  no  contact  what¬ 
ever  between  pointer  and  follow-up 
fingers  is  allowable.  There  the  ca¬ 
pacitance  relay  or  inductive  relaj 
fills  the  bill. 


In  many  devices  the  follow-up  or 
control  system  must  be  actuated  by 
the  light-beam  of  a  mirror  gal¬ 
vanometer,  by  a  drawn  line  or  by 
the  transparent  or  opaque  portions 
of  a  template.  Here  a  phototube 
relay  does  the  job.  One  interestini 
application  is  the  automatic  cuttio; 
torch,  which  reproduces  the  pat¬ 
tern  of  a  template. 

When  the  number  of  instruments 
on  an  aircraft  used  in  test  flights 
became  so  large  that  visual  obser¬ 
vation  was  a  nightmare,  automatir 
recording  methods-  were  devised 
The  oldest  consisted  of  photograph¬ 
ing  the  instruments  with  one  or 
more  motion  picture  cameras.  Al 
instruments  had  to  be  located  with¬ 
in  the  proper  range  of  the  camera 
and  the  record  was  available  only 
some  time  after  the  plane  hai 
landed.  Now  each  instrument  is 
connected  with  a  transducer  whid 
modulates  the  frequency  of  an  f  a 
radio  transmitter.  The  signals  ars 
received  on  the  ground,  demodu¬ 
lated  and  recorded  on  a  paper  strip 
or  sound  film.  Results  are  availahis 
while  the  plane  is  in  flight. 
pilot  can  be  warned  by  radio  in  csss 
of  approaching  failures.  W 
plane  crashes,  the  record  remato 
intact  and  may  give  reliable  in¬ 
formation  on  the  events  precede 
the  crash. 

Electronic  devices  for  the  insp*^ 
tion  of  metals  for  uniform^’ 
soundness  and  size  are  in 
many  places.  Devices  of 
may  discover  cracks,  slag  ^ 
sions,  voids,  changes  in  ch 
composition,  faulty  heat 
under  or  over  size.  The  dcvi<^  ^ 
nondestructive  and  very  ^ 
style  tests  sometimes  destroy 

April  i»s-etcn^ 


landir 
smoot 
withoi 
Only  I 
accom 
The 
electro 
them  ( 
curate 
others 
vals.  ' 


Short-( 
admira 
For  lo: 
timers 
The 
rentfo 
new  a 
plants 
electroi 
I  electroi 
'  level  ii 
number 
cesaful 
In  ad 
tronic  i 
to  labo: 
Industr 
come  o: 
Domical 
sales  0] 
vices  ra 


We  n 
same  o 


«ipi8  is 
tors.  T1 
^  a  larg 
'Dit8,om 
thorough 
incen 

over-ing, 

*®®plicat 


98 


mar  the  test  pieces  and  are  much 
slower. 

Several  of  the  newest  automatic 
pilots  for  airplanes  are  now  elec¬ 
tronic  devices,  operated  through 
follow-up  systems  by  one  vertical 
and  one  horizontal  gyro.  Automatic 
landing  systems  land  a  plane 
smoothly  in  the  densest  of  fogs 
without  any  assistance  by  the  pilot. 
Only  electronic  control  devices  can 
accomplish  this  task. 

There  are  a  large  number  of 
electronic  timing  devices.  Some  of 
them  deliver  power  impulses  of  ac¬ 
curately  timed  duration,  while 
others  serve  to  measure  time  inter¬ 
vals.  The  various  stroboscopes  and 
also  the  newest  of  flash  devices  for 
photographic  use  may  also  be 
classified  as  electronic  timers. 

I)rt-duration  timing  lends  itself 
nirable  to  electronic  methods, 
r  long  intervals  other  types  of 
lers  are  often  more  suitable. 

The  rectifiers  furnishing  the  cur- 
it  for  the  electrolytic  cells  of  our 
ff  aluminum  and  magnesium 
ints  and  for  some  railroads  are 
ctronic  devices.  There  are  also 
ctronic  train  controls,  electronic 
rel  indicators  and  controls  and 
mberless  other  devices,  all  in  suc- 
»ful  practical  use. 

In  addition,  there  are  many  elec- 
)nic  instruments  devoted  entirely 
laboratory  or  diagnostic  work, 
dustrial  electronics  has  indeed 
me  of  age  technically  and  eco- 
imically.  Even  before  the  war 
lea  of  industrial  electronic  de- 
ces  ran  into  the  millions. 

Rtliabilify  it  Ettcntiol 

We  may  seem  to  fall  into  the 
®e  old  error  of  overboasting 
lectronici.  In  order  to  correct  any 
wh  impression,  let  it  be  said  that 
JMy  electronic  devices  sold  to  in- 
lustry  have  ended  in  the  factory 
oorgue  or  curio  cabinet  after  a 
iix-week  trial.  Reason :  the  devices 
^sre  diflkult  to  use,  or  required  too 
'"I?  ®'*P®>^8ion  and  maintenance. 

,  The  unreliability  inherent  even 
some  frequently-advocated  de- 
*1^8  is  generally  due  to  two  fac- 
The  first  is  the  availability 
a  large  number  of  possible  cir- 
jj*  .  many  of  which  have  not  been 
oroughly  tried.  There  is  a  power- 
incentive  for  the  designer  te  be 
i”****^®*^®'  Very  few  really 
P  icated  circuits  are  sufflciently 


TYPICAL  ELECTRONIC  CONTROL  SYSTEM 

I:  A  detecting  or  measuring  device  or  sensing  element  converts 
physical  changes  into  electrical  impulses 


PHYSICAL  CHANGES 


DETECTING  OR  MEASURING 
DEVICES 

Speed,  rate  of  How,  thickness,  tern-  u  *1.  » 

perature,  pressure,  position,  coior.  thermocouples,  capaci- 


c>r/T.-n  -4  iToaBs.  r/iermomerers.  mezmostatic 

strain,  voltage,  current,  resistance.  l  ,i  .  ■ 

gjp  ’  '  strips  or  bellows,  strain  gages,  nucro- 

pbones,  vibration  pickups,  resistance 
elements,  etc. 

II:  A  vacuum-tube  amplifier  builds  up  the  strength  of  the  initial 
impulses  and  sometimes  olso  selects  the  correct  impulses 
needed  for  achieving  the  desired  control 

III:  An  actuating  device,  responding  to  the  amplified  electrical 
impulses  either  directly  or  through  relays  or  contactors,  per¬ 
forms  the  action  required  to  regulate  or  control  the  industrial 
machine  in  the  desired  manner. 

EXAMPLES  OF  ACTUATING  DEVICES 

Electromagnets  or  solenoids  tbmt  open  or  close  valves,  kick  objects  oil  con¬ 
veyor  belts,  shift  gates  in  chufes,  cut  off  the  flow  of  materials,  etc. 

Electric  motors  that  open  doors,  move  elevators,  conveyors  or  cars,  operate 
machinery,  change  settings  of  heavy  valves  or  cpnirol  handles,  regulate 
dampers,  etc. 


reliable  for  industrial  use. 

A  10-percent  variation  in  the 
output  of  a  radio': receiver  over  a 
period  of  time  will  be  barely  notice¬ 
able.  Infrequent  clicks  will  be  as¬ 
cribed  to  static.  But  we  can  permit 
neither  static  nor  10-percent  vari¬ 
ations  in  industrial  devices.  Such 
misoperation  might  cause  spoiled 
products  or  even  loss  of  life. 

The  second  factor  is  the  mar¬ 
ginal  erraticism  of  many  sensitive 
electronic  circuits,  caused  by  a  va¬ 
riety  of  characteristics  of  circuits 
and  tubes  which  are  not  too  well 
understood.  For  example,  vacuum 
tubes  in  industrial  circuits  are  often 
used  on  portions  of  their  character¬ 
istic  curves  which  are  not  published 
because  they  are  of  no  importance 
in  communications,  for  which  the 
tubes  were  originally  designed. 
These  details  may  vary  from  tube 
to  tube  and  cause  difficulties.  As  an 
additional  example,  industrial  con¬ 
trol  circuits  more  often  than  not 
operate  on  transients  and  tran¬ 
sients  have  not  been  as  thoroughly 
investigated  as  the  usual  steady- 
state  oscillatory  phenomena  by  the 
average  engineer.. 

All  this  emphatically  does  not 
lead  to  the  conclusion  that  elec¬ 
tronic  devices  are  less  reliable  than 
^  their  mechanical  and  electrical 
brethren.  It  means  only  that  elec¬ 


tronic  devices  require  more  time, 
ingenuity  and  meticulous  care  for 
the  final  tests  before  releasing  a 
product  for  use. 

When  all  faults  inherent  in  the 
circuit  are  eliminated  we  still  have 
to  investigate  the  effects  of  stray 
magnetic  and  electrostatic  fields, 
surges  on  power  lines,  radio-fre¬ 
quency  impulses  derived  from  arcs 
and  sparks,  and  the  effects  of  dirt 
and  humidity.  All  or  any  of  these 
are  commonly  present  in  industrial 
plants. 

Electronic  industrial  devices  are 
often  competing  with  mechanical 
controls  consisting  of  a  consider¬ 
able  number  of  punchings  or  screw- 
machine  parts.  Even  after  ,  final 
machining  most  of  these  parts  cost 
only  a  few  cents.  Electronic  com¬ 
ponents  are  much  more  expensive. 
Therefore,  there  are  severe  limits 
to  the  number  of  parts  which  can 
be  used  if  the  price  is  to  be  kept 
reasonable. 

Industrial  electronics  is  as  re¬ 
plete  with  opportunities  as  it  is  be¬ 
set  with  traps  for  the  unwary.  We 
know  that  the  harder  the  road,  the 
greater  the  prize  at  its  end ;  but  let 
me  say  to  manufacturers  and  com¬ 
munication  engineers :  Industrial 
electronic  devices  are  not  radio 
transmitters  or  receivers.  There 
is  a  vast  difference. 
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OUTPUT  POWER  AT  CARRIEI 
FREQUENCY.  15  watts  to « 
balanced  coaxial  line. 

AUDIO  FREQUENCY  INPUT 
Zero  level,  500  ohms  at  6  mw. 

CARRIER  FREQUENCY  STA 
BILITY.  Average  of  300  cyclei 

The  output  frequency  of  the  mod¬ 
ulator  is  dependent  upon  a  single 
temperature  -  controlled  oscillator. 
Frequency  stability  is  not  difficult 
to  maintain  over  long  periods,  as  ii 
shown  in  Fig.  1.  This  graph  repr^ 
sents  two  month’s  operation  and 
was  arrived  at  by  taking  the  ma! 
imum  deviation  for  each  day’s  op 
eration  from  the  log  sheets  and 
plotting  against  time.  The  aver 
age  value  of  deviation  is  much  lea 
than  the  maximum  values  shown. 
The  maximum  deviation  permitted 
by  present  standards  is  plus  or 
minus  2,000  cps  from  center  fre¬ 
quency. 

The  modulator,  shown  in  bloci 
diagram  form  in  Fig.  2,  and  sche¬ 
matically  in  Fig.  3,  is  composed  of 
five  major  units.  The  first  unit  ir 
the  audio  section.  This  consists  of 
three  6C5’s,  used  as  a  resistance 
coupled  amplifier  and  a  phase  in¬ 
verter,  the  output  of  which  feeds » 
pair  of  6P5GT’s  in  push  pull.  ^ 
serted  in  the  grid  circuit  of  the 


The  SO-kw  final  amplifier  at  WMFM.  using  a  pair  of  WL-899A  tubes. 
Filament  circuits  are  at  the  top.  grid  circuits  at  the  bottom.  Neutrolis* 
ing  copocitors  are  built  aroimd  the  tubes.  The  tuning  capacitor  and 
part  of  the  tank  circuit  can  be  seen 


FREQUENCY.  50  to  15,000  cycles 
within  1  db  plus  or  minus,  in¬ 
cluding  100  microsecond  pre-em¬ 
phasis. 

DISTORTION,  measured  at  100  per¬ 
cent  modulation  on  a  GR-732A 
distortion  and  noise  meter: 

50  cycles  1.5% 

100  1.2 

400  1.0 

1,000  0.8 

5,000  0.7 

7,500  1.0 

NOISE  LEVEL,  below  100  percent 
modulation.  Average  weekly  meas¬ 
urement  around  70  db,  depending 
on  choice  of  tubes. 


PRESENT  INDICATIONS  are  that 
many  of  the  f-m  stations 
planned  for  post-war  operation 
will  be  of  the  high-power  type  re¬ 
quired  to  serve  large  areas.  A  de¬ 
tailed  description  of  50-kw  WMFM 
will  therefore  be  of  interest,  since 
this  station  employs  one  of  the  few 
high-power  transmitters  on  the  air 
at  the  present  time. 

Of  particular  interest  to  many 
broadcast  station  engineers  will  be 
the  phase-shift  modulator  incor¬ 
porating  circuits  developed  by  Ma¬ 
jor  Edwin  H.  Armstrong  to  correct 
deficiencies  in  earlier  types. 

Phase-Shift  Medalator 


The  phase-shift  modulator  util¬ 
izes  high-gain  tubes  introduced 
just  prior  to  the  outbreak  of  the 
war.  The  majority  are  still  in  use 
after  more  than  15,000  hours  of 
service,  corresponding  to  a  daily 
13-hour  schedule  of  operation. 

Following  are  some  of  the  im¬ 
proved  modulator’s  characteristics: 


FIG.  1 — Graph  showing  maximum  frequency  deviations 
of  the  modulator  unit  over  o  period  of  two  months 


F-M  TRANSMITTER 


The  phase-shift  modulator,  designed  to  insure  center  carrier-frequency  stability  and  to 
avoid  other  deficiencies  of  earlier  types,  is  described  in  detail.  Construction  of  the  250- 
watt  and  3-kw  amplifiers  and  the  high-power  final  stage  is  covered 


ABOVE — The  modulator  unit  swings  open  on 
hinges,  facilitating  maintenance 

RIGHT — The  unit  at  the  right  in  this  photo  is  the 
2S0-watt  driver  and  the  phase-shift  modulator, 
bnilt  by  Radio  Engineering  Laboratories  and  seen 
from  the  back.  Rectifiers  are  in  the  bottom  of 
the  cabinet.  At  the  left  is  the  3-kw  r-f  amplifier 


Pids  of  the  balanced  modulator, 
in  the  second  unit.  In  the  grid  cir- 
'ttit  of  the  modulator  is  another 
I  network,  sometimes  called  the  cor- 
fector,  which  produces  the  inverse 
nudio-frequency  effect  necessary 
^th  a  phase  modulation  system. 
Section  two  includes  oscillator, 
uffer  and  phase-shift  modulator, 
circuits  all  operate  on  190 
and  the  tubes  used  are 
8.  A  crystal-controlled  oscil- 
tor  supplies  the  primary  source  of 
•■^uency  and  its  output  is  fed  into 
*  offer  amplifier.  The  output  of 
buffer  divides  itself  into  two 
supplying  excitation  to 
.  *  grids  of  the  balanced 
"’Pbtude  modulator  and  the  other 
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part  bypassing  the  modulator  com¬ 
pletely.  The  output  of  the  modu¬ 
lator  is  such  that  the  unmodulated 
carrier  is  suppressed  and  the  side 
band  modulation  is  shifted  in  phase 
90  degrees. 

Inserted  in  the  plate  circuit  of 
the  modulator  is  a  phase-splitting 
network  which  divides  the  side 
bands  into  two  branches  equal  in 
amplitude  but  180  degrees  displaced 
with  respect  to  each  other.  The  un¬ 
modulated  carrier,  bypassed  around 
the  balanced  modulator,  effects  a 
junction  at  the  output  of  these  two 
branches,  thereby  combining  the 
carrier  and  sidebands.  A  compara¬ 
tively  .small  frequency  excursion 
from  190  kc  is  realized  by  this 


method  of  modulation  and  a  very 
large  frequency  multiplication  is 
necessary  to  produce  a  final  devia¬ 
tion  of  75  kc  oh  each  side  of  the 
center-carrier  frequency. 

The  third  and  fourth  sections 
consist  of  two  cascade  frequency? 
multiplier  chains  identical  up  to 
their  converters  but  opposite  in 
phase.  It  is  here  that  one  of  the 
main  criticisms  of  the  first  Arm¬ 
strong  modulator  was  corrected. 
The  former  depended  on  two  crys¬ 
tal-controlled  oscillators  for  car¬ 
rier-frequency  stability.  The  newer 
type  minimizes  drift  by  a  very  in¬ 
genious  method  to  be  described. 

The  function  of  the  two  multi¬ 
plier  chains  and  their  converters  is 


two-fold;  one  automatically  cancels 
out  any  frequency  drift  in  the 
190-kc  crystal  and  the  other  repre¬ 
sents  a  multiplication  of  the  pri¬ 
mary  frequency  and  its  modulated 
frequency-shift.  Each  chain  is 
made  up  of  five  tubes  and  each  of 
the  multiplier  stages  acts  as  a  trip¬ 
ier.  Thus  each  chain  supplies  a  15,- 
390-kc  signal  to  its  converter.  This 
represents  a  multiplication  of  81 
times. 

Modulator  Dotails 

By  introducing  into  one  con¬ 
verter  a  current  from  a  crystal  os¬ 
cillator  operating  on,  say,  1000  kc, 
a  beat  of  14,390  kc  is  obtained. 
This  corresponds  to  the  difference 
between  15,390  and  1000  kc.  The 
heterodyne  beat  of  14,390  kc  is  in¬ 
jected  into  the  converter  of  the  sec¬ 
ond  multiplier  chain,  whose  input 
is  15,390  kc  and  identical  to  that  of 
the  other  chain. 

Combining  14,390  kc  and  15,390 
kc  produces  a  difference  beat  of  1000 
kilocycles  again,  but  with  all  the 
frequency  modulation  components 
on  it,  and  cancels  out  any  drift 
in  the  190-kc  crystal.  As  an  exam¬ 
ple  of  this,  suppose  the  190-kc  crys¬ 
tal  drifted  up  in  frequency  enough 
to  operate  its  output  chain  on  15,- 
400  kc  instead  of  15,390  kc,  then  the 
1000-kc  crystal  would  produce  a 
beat  of  14,400  kc.  Since  both  multi¬ 
plier  channels  would  be  15,400  kc, 
the  injection  of  the  frequency  of 
14,400  kc  would  still  give  a  fre¬ 
quency  difference  of  1000  kilocycles. 


It  can  thus  be  seen  that  the  out¬ 
put  frequency  of  the  modulator 
unit  is  independent  of  the  190-kc 
crystal.  To  demonstrate  this  action 
it  is  only  necessary  to  replace  the 
crystal  with  a  signal  generator  and 
manually  vary  the  frequency. 
Whether  the  crystal  frequency 
drifts  higher  or  lower  is  unimpor¬ 
tant,  provided  it  does  not  drift  be¬ 
yond  the  pass-band  of  the  multi¬ 
plier  chain.  This  possibility  is  elim¬ 
inated  by  the  use  of  a  low-drift 
crystal.  Therefore,  only  the  change 
that  occurs  in  the  second  crystal’s 
frequency  results  in  a  change  of  the 
center  carrier  frequency.  Deviation 
of  this  frequency  is  minimized  by 
using  a  low-drift  crystal  and  a  tem¬ 
perature-controlled  oven. 

The  modulator  has  an  extremely 
low  residual  hiss  and  hum  level  at 
its  output.  Noise  generated  in  the 
early  stages  tends  to  balance  out  in 
the  mixing  process,  much  the  same 
as  190-kc  oscillator  drift  cancels 
out. 

The  fifth  and  last  section  of  the 
modulator  consists  of  a  chain  of  ad¬ 
ditional  multipliers.  Since  the  fre¬ 
quency  shift  is  insufficient  at  15,- 
390  kc  (less  than  2000  cycles)  the 
heterodyne  or  beat-back  to  1000 
kc  serves  the  additional  function  of 
allowing  the  shift  to  be  multiplied 
another  48  times.  The  difference 
frequency  of  1000  kc  is  fed  to  the 
final  chain  of  multipliers  and  is  al¬ 
ways  the  carrier  frequency  divided 
by  '48.  Multiplication  is  accom¬ 
plished  by  four  doublers  and  one 


FIG.  2 — Block  diagrom  of  the  phaso-ehiit  modulator 
■yttem.  A  complete  achematic  ii  ehown  In  Fig.  3 


tripler,  the  output  of  the  latter  be¬ 
ing  approximately  15  watts  on  the 
carrier  frequency.  This  would  bring 
the  carrier  to  48  megacycles,  and 
capable  of  a  frequency  swing  of  ij 
kc  plus  or  minus. 

Shifting  the  second  crystal  fre- 
quency  to  a  value  lower  than  lOW 
kc  would  bring  the  carrier  some¬ 
what  lower  in  the  f-m  band,  bnt 
would  not  change  the  overall  multi¬ 
plication  constant.  Therefore,  it  it 
not  necessary  to  make  a  change  ii 
the  190-kc  oscillator  frequency  anc 
its  multiplier  chain  to  accomplish  i 
change  of  carrier  frequency.  As  u 
example,  to  change  45.5  to  46.7  Me, 
it  is  only  necessary  to  change  the 
irequency  of  the  second  oscillator 
from  947.91  kc  to  972.91  kc  and  to 
re-align  the  second  multiplier  chan¬ 
nel. 

The  power  supplies  for  the  entire 
modulator  unit  are  located  belov 
the  modulator  compartment.  There 
are  four  in  all,  the  550-volt  supply 
for  the  power  doubler  and  tripJer 
stages,  the  250-volt  regulated  plate 
supply  for  the  remainder  of  the  cir¬ 
cuits,  a  d-c  filament  supply  using  i 

•  dry-disk  rectifier  stack,  and  a  bus 
supply.  The  primary  source  of 
power  is  220  volts  single-phase  and 
the  power  consumption  is  approxi¬ 
mately  400  watts.  The  power  con¬ 
trols  of  the  modulator  are  intercon¬ 
nected  with  the  circuits  of  the  suc¬ 
ceeding  stage. 

250-Wa»  and  3000-Watt  Aaplitin 

The  250-watt  r-f  amplifier  of  the 
WMFM  transmitter  consists  of 
HK-257  pentode  tubes  in  a  puri- 
pull  circuit.  This  amplifier  and  it* 
rectifier  are  located  in  the  sam* 
cabinet  as  the  modulator  described 
and  occupy  the  major  portion  of  tb* 
space.  An  excess  of  grid  excitation 
for  this  stage  is  taken  from  the 
power  tripler  through  a  balanced 
coaxial  line.  The  1750-volt  rectifief 
is  located  directly  below  the  afflldi' 
fier  and  supplies  the  necessary  pl*^ 
power. 

In  conjunction  with  the  two  P' 
257  tubes  an  overload  relay  ia 
which  trips  out  on  excess 
After  several  seconds  a 
relay  automatically  closes,  re-ap^ 
ing  the  plate  voltage  to  the  to  ^ 

*  This  automatic  motor-drivw 
cycling  relay  can  be 

any  time  delay  desired  up  to 
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FIG.  3— Schemottc  oi  the  WMFM  phaee-ihilt  modulator  ehown  in  block-diagram  lorm  in  Fig.  2 
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interfere  with  visibility  of  the  me¬ 
ters.  A  double  door  is  used  for  a^ 
cess  and  is  double-interlocked  with 
the  transmitter  for  personnel  pro- 
tection.  A  motor-operated  venti¬ 
lator  was  installed  in  the  ceiling, 
controlled  by  a  thermostat  to  main¬ 
tain  a  constant  room  temperatnn 
during  operating  hours.  Two  in¬ 
take  louvers  are  located  near  the 
floor  on  the  outside  wall  and  are 
controlled  manually. 

The  amplifier  consists  of  two 
Westinghouse  899A  tubes  in  a  punh- 
pull  neutralized  class-C  circuit  At 
the  ultrahigh  frequencies  it  is  diffi¬ 
cult  to  bring  directly  to  ground  po¬ 
tential  the  filaments  of  high-power 
water-cooled  tubes  because  of  their 
physical  size,  thereby  preventing 
neutralization. 


To 

supply 


FIG.  4 — The  addition  of  hali-wavelength  linei  in  the  WL-899A  filament  circuits 
orercame  difficulties  caused  by  reactance  in  these  circuits  of  the  50-kw  f-m 
station  final  r-f  amplifier 


\M9fer 


In  order  to  over¬ 
come  the  reactance  of  the  filament 
leads  a  long  line  is  used  in  seriet 
with  each  tube  filament  and  tuned 
until  the  line  is  effectively  one-half 
wavelength.  This  can  be  seen  by 
referring  to  Fig.  4.  These  linea  art 
about  11  feet  long  at  45  megacycle* 
and  are  separated  by  several  inchei. 
In  practice,  they  are  run  overhead 
to  the  filament  cabinet  and  tuned 
by  means  of  a  sliding  capacitor 
until  the  filaments  are  substantially 
at  ground  potential.  The  correct 
setting  of  the  capacitor  is  deter¬ 
mined  as  a  part  of  the  neutralizing 
procedure. 

A  pair  of  Scott-connected  trsM- 
formers  are  located  in  the  final  am¬ 
plifier  cabinet  as  an  alternate  to 
filament  power  generators.  Air 
from  a  compressor  in  a  room  below 
is  directed  at  each  vital  point  to 
carry  away  heat  which  might  caiw 
breakdown  or  failure  of  dielectric 
About  thirty  points  are  protected 
by  air  from  i-inch  jets  and  include 
filament  seals,  grid  capacitors,  yrid 
seals,  grid  tank-coil  and  antenni 
coupling  capacitors.  The  remainder 
of  the  air  jets  are  directed  over  the 
glass  envelopes  of  the  tubes. 
plate  tank  coil  is  a  part  of  the  water 
cooling  system.  More  than  amplf 
room  is  allowed  around  the  entire 


Thorns  //nes  lo 
turnstile  ant. 


To  plates  of 
WL-890A‘s 


—This  Tacuum-tube  voltmeter  is  used  in  place  of  thermo-ammeters  at 
the  input  to  the  tronsmission  lines  feeding  the  antenna  system 


seconds.  A  centrally  located  air  It  is  worthy  of  note  that  the  output 
blower,  mounted  on  four  Lord  rub-  of  either  the  250-watt  or  the  three- 
ber  shocks,  expels  dead  air  through  kw  unit  can  be  arranged  to  drive 
spun-glass  filters  at  the  top  of  the  any  succeeding  stage  or  be  coupled 
cabinet.  to  a  single  or  balanced  transmis- 

The  output  of  the  250-watt  stage  sion  line  feeding  an  antenna.  This 
is  transferred  by  a  balanced  i-inch  makes  possible  easy  cutback  of 
coaxial  line  to  the  grid  circuit  of  power  to  the  antenna  in  case  of 
the  three-kw  amplifier  located  in  a  emergency.  The  two  lines  carrying 
cabinet  adjacent  to  the  combined  the  power  to  the  final  amplifier 
modulator  amplifier.  This  unit  is  grids  are  each  approximately  30 
self-contained,  including  a  three-  feet  long.  They  were  carefully  ad- 
phase  half-wave  plate  rectifier  justed  to  minimize  standing  waves 
(872's)  and  the  full-wave  grid-bias  and  this  work  results  in  unusually 
rectifier  (866’s) .  Two  Eimac  1500T  low  required  driving  power  and 
tubes  are  connected  as  a  class-C  long  tube  life, 
neutralized  amplifier  and  the  output 
of  this  stage  is  adjustable  from  1 
to  3  kw  by  means  of  a  step-type 
regulator  which  controls  the  plate 
voltage. 

A  plate  input  of  three-kw  d-c 
power  will  deliver  sufficient  grid 
drive  to  the  final  power  amplifier. 


50-kw  Amplifier 

The  final  r-f  amplifier  is  located 
in  a  separate  room,  completely 
shielded  including  the  floor  and 
door.  Copper-wire  screen  is  used 
over  the  only  window  and  a  mesh 
size  was  chosen  which  would  not 
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was  run  to  the  control  desk,  where 
the  remote  meter  is  placed  for  easy 
observation.  The  meter  is  arranged 
for  convenient  switching  to  each 
diode  and  log  notations  are  regu¬ 
larly  made.  A  schematic  diagram 
of  the  meter  is  shown  in  Fig.  5. 

Other  equipment  associated  di¬ 
rectly  with  the  50-kw  amplifier  in¬ 
cludes  the  high-voltage  rectifier 
unit,  the  control  desk,  cooling  appa¬ 
ratus,  and  power-supply  machines. 
The  high-voltage  rectifier  unit  con¬ 
sists  of  six  Westinghouse  869B 
tubes  connected  as  a  three-phase 
full-wave  rectifier  delivering  16,- 
000  d-c  volts  at  7.5  amperes  to  the 
power  amplifier  tubes.  The  power 
transformer,  filter  choke,  and  a  mo¬ 
tor-operated  regulator  are  mounted 
just  outside  the  building  in  a  vault. 
The  regulator  is  in  the  primary  cir¬ 
cuit  of  the  high-voltage  trans¬ 
former  and  its  control  circuits  ter¬ 
minate  at  the  control  desk.  In  the 
event  of  a  power  failure  or  an  out¬ 
age,  the  regulator  automatically  re¬ 
turns  to  a  minimum  voltage  posi¬ 
tion  for  circuit  and  tube  protec¬ 
tion.  This  function  is  included  in 
another  re-cycling  mechanism 
which,  in  effect,  removes  the  plate 
voltage.  The  circuit  is  locked  out 
after  six  automatic  three-second  re¬ 
cycling  operations  have  taken  place. 
After  the  difficulty  has  been  recti¬ 
fied  the  locked-out  mechanism  can 
be  released  by  operating  a  push¬ 
button  at  the  desk. 

,  Single  pushbutton  automatic 
starting  for  the  entire  transmitter 
can  be  obtained  at  the  power  con¬ 
sole.  Independent  control  can  also 
be  had  with  each  unit  properly  in¬ 
terlocked  for  mutual  protection  of 
equipment  and  personnel.  Two 
tower-monitoring  lights  were  built 
into  the  desk  for  the  two-flasher 
beacons.  Another  feature  of  the 
^eak  is  a  Teletalk  unit  which  proves 
indispensable  for  communicating 
^th  the  tower  top,  tuning  house  or 
basement  workshop. 

CooIIb^,  Shielding  and  Grounding 

Directly  below  the  power-ampli- 
room  is  the  cooling  room.  Lo- 
'^nted  here  is  the  evaporative  cooler, 
motor-generator  set,  water  pumps, 
®  air  compressor,  etc.  Adjacent 
®  the  cooling  room  is  a  tube  stor- 
where  the  larger  spare 
**  A  racked  for  easy  access. 

Quite  different  conception  of 

^tfCTRONICS 945 


good  grounding  between  units  is 
necessary  compared  to  standard 
broadcast-band  practice.  Because 
of  the  inductance  of  ordinary  wires 
at  the  f-m  frequencies  it  is  best  to 
install  five  to  six-inch  copper  straps. 
Several  recent  installations  have 
been  made  with  the  units  mounted 
on  copper  sheet  (five  to  six-thou¬ 
sandths  inch  stock)  fastened  to  the 
floor  with  a  mastic  and  covered  with 
linoleum,  rubber  or  asphalt-tile. 
Surprisingly,  little  trouble  is  expe¬ 
rienced  if  the  proper  precautions 
are  taken  and,  particularly,  if  the 
power  amplifier  is  well  shielded. 

Installations  planned  to  include 
low-level  audio  amplifiers  and  mi¬ 


crophones  may  find  it  necessary  to 
place  them  in  a  separately  shielded 
room  or  at  least  some  distance  from 
the  power  stages.  Receivers  and 
test  equipment  also  can  be  included 
in  this  setup.  Care  should  be  taken 
in  the  installation  of  low-level  audio 
lines  to  see  that  they  are  sufficiently 
far  away  from  low-frequency  power 
lines  to  eliminate  the  possibility  of 
ground  currents  within  the  shield¬ 
ing.  Since  the  service  an  f-m  trans¬ 
mitter  renders  is  high  quality  in 
nature,  it  is  well  to  have  the  speech- 
input  room  situated  and  treated  to 
minimize  extraneous  noises,  thereby 
allowing  better  monitoring  condi¬ 
tions. 


The  WMFM  control  room.  Units,  from  left  to  right,  include  the  250-watt  r-f 
amplifier  and  modulator,  the  3-kw  amplifier,  the  15.000-Tolt,  7.5-ampere  rectifier 
and  the  low-voltage  control  equipment.  The  master-control  console  is  in  the 

foreground 


The  f-m  station's  workshop,  showing  some  of  the  test  equipment  used  for 

maintenance 
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Electronic 


.  Esp«flm«Bt<d  •Icctronic  ignition  systom  which  hot  oporotod  for 
SSOO  aaUon  in  a  1941  Bidck.  The  circuit  is  on  outgrowth  of 
work  described  in  the  text.  The  tube  is  a  type  80  and  the  42'Cp 
l-T  lamp  Is  used  os  a  coil  bollost-resistor.  Spark  plugs  are 
14-mm  Lodge  RC5/2  aircredt  type 


Amid  the  many  improvements  and 
■innovations  with  which  the 
automotive  industry  normally  lays 
siege  to  the  public  fancy  each  year, 
one  factor  has  steadfastly  retained 
its  original  form  through  more 
than  two  decades.  This  element, 


is  interrupted  and  transferred  to 
the  breaker  capacitor,  whose  poten¬ 
tial  executes  the  familiar  series  of 
damped  oscillations  shown  in  Fig. 
2.  The  first  oscillation  usually 
reaches  an  amplitude  of  200-350 
volts  and  a  corresponding  voltage  is 
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ing  as  the  engine  is  operated  at 
high  speeds,  and  requires  compen¬ 
sation  which  is  introduced  into  the 
automatic  speed-advance  part  of 
the  mechanical  structure  of  the  dia- 
tributor. 

The  magnitude  of  the  influence 
exerted  by  such  mistiming  is  best 
judged  with  relation  to  the  propor¬ 
tional  deviation  from  the  most  fa¬ 
vorable  spark  advance-speed  char¬ 
acteristic.  Figure  3  illustrates  the 
relation  between  engine  speed  and 
the  number  of  degrees  of  spark  ad¬ 
vance  required  to  develop  maxi¬ 
mum  brake  torque  (curve  A).  In 
addition  to  this  ideal  curve,  Fig.  3 
also  shows  the  performance  actu¬ 
ally  obtained  in  a  representative 
production  engine  (curve  B). 

Lack  of  agreement  between  these 
two  curves  appreciably  exceeds  any 
lag  introduced  by  the  delay  in  at¬ 
taining  peak  firing  voltage,  thereby 
demonstrating  that  this  factor  has 


the  spark  ignition  system,  is  associ¬ 
ated  with  by  far  the  largest  portion 
of  internal  combustion  engines  pro¬ 
duced  in  this  country. 


The  Conventional  Circnit 


Briefly,  as  shown  in  Fig,,  1,  the 
traditional  arrangement  includes  a 
transformer  of  the  open-core  type 
— the  ignition  ^oil — having  its  pri¬ 
mary  windings  connected  across  the 
storage  battery  of  the  main  elec¬ 
trical  system  in  series  with  a  cam- 
actuated  breaker  whose  contacts 
are  shunted  by  a  capacitor  (having 
a  value  of  0.2-0.4  fit)  to  prevent 
arcing.  The  breaker  cam,  located  in 
the  distributor,  is  driven  by  the 
engine  at  one-half  the  crank-shaft 
speed  and  with  an  angular  position 
causing  the  breaker  arm  to  be 
actuated  whenever  a  spark  is  re¬ 
quired. 

Immediately  upon  opening  of  the 
breaker  points,  the  flow  of  current 
through  this  portion  of  the  circuit 
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developed  across  the  primary  of  the 
ignition  coil.  As  the  primary  in¬ 
ductance  is  generally  5  to  10  milli- 
henrys,  the  frequency  of  this  oscil¬ 
lation  is  normally  in  the  region  of 
2000  cps. 

The  secondary  winding,  having 
about  60  times  as  many  turns  as 
the  primary,  is  wound  about  the 
primary  and  develops  a  voltage  of 
10  to  15  kv,  which  is  then  dis¬ 
tributed  to  the  plug  to  be  fired  by  a 
rotating  contact  in  the  distributor 
head. 

As  seen  in  Fig.  2,  the  peak  voltage 
available  for  firing  the  plug  is  not 
developed  at  the  instant  the  breaker 
contacts  open,  l?ut  i  cycle  later.  At 
an  engine  speed  of  3000  rpm,  corres¬ 
ponding  to  a  road  speed  of  60  mph, 
this  lag  amounts  to  2.25  crankshaft 
degrees.  Because  the  time  lag  be¬ 
tween  opening  of  the  interrupted 
contacts  and  the  peak  voltage  re¬ 
mains  constant,  this  results  in  an 
effective  retarding  of  the  spark  tim- 


only  negligible  influence  on  engine 
performance.  The  displacement  lag 
between  the  ideal  and  actual  spark 
advance  curve  is  deliberately  intro¬ 
duced  to  prevent  detonation. 


Shortcomings 


There  are  three  further  diffi¬ 
culties  peculiar  to  the  system  of 
Fig.  1  which  have  elicited  several 
solutions.  First,  there  is  extrem? 
sensitivity  in  the  secondary  circuit 
to  loading  such  as  may  be  produced 
by  dirt  on  the  exterior  of  the  spark 
plug  insulator,  combustion  deposits 
on  the  interior  end  of  the  insulator, 
or  pure  volume  leakage  through  the 
insulator  due  to  the  loss  in  insuUt* 
ing  properties  accompanying  hi? 
operating  temperatures. 

How  serious  this  problem  is 
readily  be  understood  from  the 
that  with  a  15,000-v  peak  secondary 
voltage,  a  10-megohm  load 


absorb  nearly  all  the  energy  s 


itored 


in 


the  magnetic  field  of  the  co 
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Ignition  Systems 


Application  of  the  electron  art  to  automotive  and  aircraft  ignition  systems  promises  solu¬ 
tions  to  the  problems  of  cross-firing,  maintaining  spark  intensity  at  high  speeds,  and  reduc¬ 
ing  sensitivity  to  secondary  loading  from  deposits  on  the  spark  plugs 


the  moment  of  interruption  as 
shown  in  the  shaded  first  i  cycle  of 
oscillation  of  Fig.  2. 

Total  power  taken  from  the  coil 
during  the  build-up  of  the  voltage 
pulse  to  its  peak  value  is  propor¬ 
tional  to  the  square  of  the  shaded 
area  in  Fig.  2  and  is  conveniently 

expressed  by  w  ^  ^ 

where  t*  is  the  moment  of  break  and 
U  is  the  time  at  which  the  peak  ex¬ 
cursion  occurs. 

Systems  insensitive  to  secondary 
loading  have  been  developed  in 
which  the  peak  voltage  comes  at  the 
moment  of  contact  actuation.  Here 
U  equals  ti,  the  value  of  the  definite 
integral  becomes  zero,  and  circuit 
losses  are  without  influence  on  the 
peak  voltage  available.  In  the  con¬ 
ventional  engine,  only  the  first  volt¬ 
age  peak  need  be  considered  be¬ 
cause  if  the  gap  is  not  fired  at  this 
time,  it  never  will  be.  If  level  of 
first  voltage  peak  is  kept  up,  the 
fact  that  succeeding  waves  may  die 
away  more  rapidly  is  unimportant. 

A  further  difficulty  of  the  con¬ 
ventional  ignition  system  lies  in 
the  possibility  of  cross-firing.  All 
the  cables  to  the  spark  plugs  are 
bunched  together  and  led  through 


a  common  conduit.  Since  these  are 
very  high-impedance  circuits,  the 
coupling  between  adjacent  cables 
often  develops  enough  voltage  to 
fire  the  plug  in  a  cylinder  which  is 
at  a  part  of  the  work  cycle  where  it 
must  not  be  fired.  This  is  prevented 
in  systems  where  the  lines  to  the 
plugs  are  kept  at  low  impedance. 

Lastly,  there  is  the  problem  of 
maintaining  spark  intensity  at  high 
interruption  speeds.  The  peak  volt¬ 
age  obtainable  is  proportional  to 
the  break  current,  and  this  de¬ 
creases  as  the  interrupter  speed 
increases  since  less  and  less  time  is 
allowed  for  the  current  in  the  pri¬ 
mary  to  build  up.  This,  together 
with  the  necessity  of  holding  the 
low-speed  break  current  to  2  or  3 
amperes  to  obtain  reasonably  good 
interrupter  contact-point  life,  is  a 
definite  limitation  on  the  high¬ 
speed  performance  of  engines. 

Functional  Modifications 

A  constant  break  current  is  se¬ 
cured  simply  in  the  arrangement  of 
Fig.  4,  in  which  the  standard  igni¬ 
tion  circuit  is  modified  by  the  in¬ 
sertion  of  a  hydrogen-filled  ballast 
in  the  primary  excitation  line.*  At 
high  speeds  of  interruption,  cur¬ 


rent  through  the  coil  tends  to  de¬ 
crease,  which  permits  the  ballast 
resistor  to  cool  and  decrease  its 
resistance  by  an  amount  very 
nearly  compensating  for  the  shorter 
build-up  period.  The  converse  oc¬ 
curs  at  low  speeds  and  prevents  the 
break  current  from  exceeding  the 
safe  limit  of  3  amperes. 

To  minimize  the  effects  of  sec¬ 
ondary  loading,  the  standard  cir¬ 
cuit  has  been  further  modified  to 
the  arrangement  of  Fig.  6,  in  which 
the  breaker  circuit  includes  the  bal¬ 
last  resistor,  a  charging  reactor  L, 
and  the  battery.*  At  break,  the  volt¬ 
age  across  capacitor  C  begins  to 
rise,  but  no  current  flows  through 
the  primary  of  the  sparking  trans¬ 
former  until  the  breakdown  voltage 
of  the  gas-filled  two-electrode  tube 
V  is  exceeded,  after  which  capaci¬ 
tor  C  discharges  through  the  pri¬ 
mary  to  produce  a  pulse  with  an 
extremely  steep  wave  front  in  the 
secondary. 

Because  of  the  short  time  of  rise 
of  the  pulse,  its  peak  value  is  prac¬ 
tically  independent  of  the  loading 
on  the  secondary  circuit  and  this 
circuit  will  perform  satisfactorily 
with  a  shunting  resistance  as  low 
as  100,000  ohms  connected  to  the 
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^^—Time-honored  outomotiTe  ignition  FIG.  2 — Highly-damped  linueoid  like  this  FIG.  3 — Engine-speed  Tersus  spark-ad- 
k  BO.  11^^**^^**  simple  circuit  which  arises  across  breaker  points  ol  conyen-  Tonce  curres  show  (A)  the  maximum  broke 

^  orly  susceptible  to  faulty  opera-  tionol  system  when  they  open.  The  first  torque  theoretically  oroilable  and  (B)  the 
^  looding  of  the  secondory  peak  is  in  the  neighborhood  of  300  t  ond  actual  performonce  attoined  by  a  typicol 
^vgh  deposits  of  dirt  or  corbon  the  frequency  around  2000  cps  production  engine 
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FIG.  4 — ^Addition  of  a  ballast  resistor  in  the  primary  excitation 
line  giTes  a  constant  break-current  which  permits  better  high¬ 
speed  operation 


FIG.  5 — Further  addition  oi  o  chorging  inductor  ond  qoi. 
filled  discharge  tube  in  primary  circuit  gives  freedom  from 
effects  of  secondary  loading 


secondary,  whereas  the  ordinary 
ignition  system  will  have  ceased  to 
operate  with  a  megohm  resistor  in 
this  position. 

Figure  6  illustrates  still  another 
ignition  system*  relatively  insensi¬ 
tive  to  secondary  loading,  and  in¬ 
cludes  a  charging  inductor  L  con¬ 
nected  to  the  battery  in  series  with 
a  first  interrupter  h.  When  U  op¬ 
ens,  voltage  builds  up  across  Ci  and 
charges  C«  through  the  hot-cathode 
gas-filled  tube  V.  Now,  when  the 
spark  is  desired,  interrupter  h 
closes  and  develops  the  requisite 
voltage  in  the  secondary  of  the 
sparking  transformer. 

Interrupter  /,  may  be  actuated  at 
any  time  previous  to  the  time  the 
spark  is  required,  and  only  I,  need 
be  critically  timed.  Although  C, 
may  be  charged  to  several  hundred 
volts  when  the  contacts  in  U  close, 
these  contacts  nevertheless  have  a 
long  life,  as  the  current  is  zero 
when  they  close,  and  has  fallen 
again  to  zero  by  the  time  the  con¬ 
tacts  are  opened. 

HIgh-Veltaqe  SenrcM 

The  circuits  thus  far  described 
all  operate  directly  from  the  6-volt 
battery  in  the  main  electrical  sys¬ 
tem  of  the  vehicle.  When  freed 
from  this  limitation,  reliability  of 
performance  may  be  truly  remark¬ 
able  under  all  conditions  for  long 
periods  of  time. 

Figure  7  illustrates  a  circuit 
capable  of  delivering  a  succession 
of  powerful  sparks  at  almost  any 
rate  desired.*  A  800-volt  source 
feeds  the  reservoir  capacitor  C^ 
through  the  limiting  resistor,  and 
a  pair  of  igniting  transformers  T, 
and  Ta  are  arranged  in  conjunc¬ 
tion  with  C„  and  the  interrupter 
I  so  that  Ca  is  alternately  charged 
through  7*1  and  discharged  through 
T,.  As  C,  charges  through  T,,  a 

lot 


voltage  is  developed  in  the  second¬ 
ary  which  is  applied  to  the  igniting 
band  around  the  tube  Vi,  causing 
this  tube  to  fire  and  charge  the 
capacitor  C,  to  line  potential 
through  the  primary  of  the  spark¬ 
ing  transformer. 

Since  0%  is  now  charged,  it  is 
ready  at  once  for  the  next  opera¬ 
tion,  which  is  initiated  when  the 
interrupter  7  discharges  Ct  through 
the  transformer  T*,  thus  firing  the 
tube  Vt  whose  igniting  band  is  con¬ 
nected  to  the  secondary  of  T».  This 
discharges  C»,  and  prepares  it  for 
the  succeeding  operation  of  Vi. 

Cress-Firing  Cure 

None  of  the  foregoing  arrange¬ 
ments  have  attempted  to  overcome 
the  problem  of  cross-firing  which, 
it  will  be  remembered,  was  due  to 
the  high  impedance  of  the  circuits 
being  run  in  the  common  conduit. 
The  arrangement  of  Fig.  8  over¬ 
comes  this®,  and  is  peculiarly  suited 
as  well  to  meeting  the  ignition 
problems  presented  in  the  fuel  in¬ 
jection  engine  where  a  continuous 
discharge  is  preferable  over  a 
momentary  igniting  spark. 

The  spark-fired  fuel  injection  en¬ 
gine  is  not  to  be  confused  with  the 
spontaneously  firing  Diesel  engine. 
In  the  former,  compression  pres¬ 
sures  approximating  those  in  the 
conventional  vaporized  fuel  engine 
are  retained  and  the  gas  temper¬ 
ature  at  the  end  of  the  compression 
stroke  is  not  sufficiently  elevated 
by  the  adiabatic  compression  to  ig¬ 
nite  the  incoming  liquid  charge, 
thus  requiring  the  use  of  auxiliary 
ignition.  In  the  latter,  the  more 
familiar  Diesel,  the  gas  temper¬ 
ature  at  the  end  of  the  compression 
stroke  has  attained  such  a  value 
that  the  incoming  charge  is  ignited 
thereby  without  auxiliary  means. 

Unless  a  continuously  active  ig¬ 


niting  means  is  located  in  the  path 
of  the  incoming  fuel,  the  turbulent 
flow  currents  in  the  cylinder  above 
the  rapidly  moving  piston  may 
sweep  the  flame  front  away  from 
the  incoming  fuel  and  cause  incom¬ 
plete  or  irregular  combustion.  The 
tube  is  connected  with  the  trans¬ 
former  Ti  in  a  Hartley  oscillator 
circuit  working  at  25  to  50  kc  and 
delivering  power  into  a  low-im¬ 
pedance  secondary  with  one  end 
grounded  and  the  other  connected 
to  the  rotating  arm  of  a  distributor 
assembly.  As  the  arm  passes  over 
the  conducting  segments  set  in  the 
insulating  housing  of  the  distribu¬ 
tor  head  one  after  another  of  the 
spark  plug  step-transformers  is  con¬ 
nected  to  the  low-impedance  output 
from  the  oscillator. 

Only  one  of  these  transformers 
Ti  is  shown  in  Fig.  8,  the  others  be¬ 
ing  similarly  connected.  One  trans¬ 
former  is  associated  with  each  plug 
and  is  located  immediately  adjacent 
to  the  plug,  so  that  distribution 
takes  place  at  a  low-impedance 
level,  and  the  high-impedance  por¬ 
tion  of  the  sparking  circuit  is  free 
of  cross  coupling  to  other  spark 
plugs,  thus  eliminating  the  possibil¬ 
ity  of  cross-firing. 

The  step-up  transformer  at  the 
spark  plug  is  of  either  the  air-core 
or  iron-core  type  and  desiped  to 
be  self-resonant  at  the  operating 
frequency.  The  smallest  size  for 
this  assembly  is  secured  when  an 
iron  core  is  used. 

This  ignition  circuit  differs  fro® 
those  previously  described  in  th* 
fact  that  it  does  not  supply  an  i®' 
pulse,  but  a  continuous  dischar^ 
during  the  entire  time  the  distn 
utor  wiper  arm  is  in  engagem«n‘ 
with  the  stationary  contact, 
earlier  remarked,  this  is  of 
ular  advantage  in  fuel  injection  ® 
gines,  though  in  certain  designs 
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engines  introducing  a  gaseous  fuel 
joixture  into  the  combustion  cham¬ 
ber  it  may  also  be  used  to  advant¬ 
age. 

High-Altitude  Problems 

The  weaknesses  of  distribution 
at  the  high-voltage  level,  while  ap¬ 
parent  in  automotive  vehicles,  be¬ 
come  especially  serious  in  the  de¬ 
sign  and  operation  of  aircraft  at  at¬ 
titudes  of  30,000  feet  and  higher. 
At  such  heights,  pressure  of  the 
atmosphere  has  dropped  from  its 
sea  level  value  of  76  cm  Hg  to  23 
cm  Hg  and  the  insulating  capacity 
of  the  atmosphere  is  correspond¬ 
ingly  reduced  from  the  sea-level 
value  for  the  disruptive  gradient — 
31  kv  per  cm. 

Conservative  design,  under  these 
circumstances,  requires  that  the 
conductive  properties  of  air  be 
borne  uppermost  in  mind,  with 
lesser  reliance  on  it  as  an  insulating 
medium.  One  answer  has  been  the 
introduction  of  pressurized  har¬ 
nesses  within  which  the  conductors 
of  the  high-tension  distribution 
system  are  located,  thereby  retain¬ 
ing  sea-level  operating  conditions. 

It  is  very  difficult  to  insure  a  com¬ 
pletely  leak-free  harness  under  the 
extreme  temperature  cycling  and 
vibration  conditions  encountered  in 
the  vicinity  of  the  aircraft  engine, 
and  in  a  later  modification,  use  has 
been  made  of  the  presence  of  the 
supercharger  which  reproduces  sea- 
level  operating  conditions  for  the 
engine  itself  to  extend  this  benefit 
to  the  ignition  system. 

Now,  clearly,  the  inclusion  of  ad¬ 
ditional  apparatus  for  a  pressurized 
harness  adds  materially  to  the 
weight  of  the  complete  engine.  It 
®ay  well  be  that  an  arrangement 
performing  the  distribution  opera¬ 
tion  at  low-voltage  level,  with  re¬ 
duction  of  the  harness  weight,  may 
offer  a  net  advantage  even  though 
it  requires  some  auxiliary  appa¬ 
ratus. 

A  system  devised  in  1938  with 
this  in  mind  is  shown  in  Fig,  9  and 
*®Ploys  an  auxiliary  converter  unit 
raise  the  supply  potential  from 
system  voltage  of  24  v  to  800  v, 
ich  is  then  fed  across  the  two 
JJ’^es-connected  capacitors  Ci  and 
•  whose  center  tap  is  grounded*, 
epwitor  C,  is  merely  a  reservoir 


flesign* 


of 


^  surges  from  the  output 

®  mgs  of  the  converter.  The  two 
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gas  tubes  Vi  and  V,  are  connected 
in  series  with  the  lines  across  capac¬ 
itors  Cl  and  C.  and  the  various  con¬ 
tacts  of  the  cam-operated  distribu¬ 
tor  to  the  primaries  of  the  sparking 
transformers  Ti,  etc,  one  of  which 
is  associated  with  each  plug. 

Gas  tubes  Vi  and  V,  are  of  the 
type  requiring  a  positive  grid  po¬ 
tential  to  establish  conduction  and 
having  an  inductor  L,  connected  be¬ 
tween  anode  and  grid,  and  a  second 
inductor  L,  shunted  by  a  capacitor 
C,  connected  between  grid  and 
cathode.  Since  capacitor  C»  is  an 
integrating  device,  there  can  be  no 


FIG.  6 — InteniltiTity  to  secondary  loading 
and  long  contact  life  are  features  of  this 
circuit  inTolTing  o  second  interrupter.  Grit- 
icol  tuning  is  only  required  for  the  second 
breaker 


FIG.  7— AToilobUity  of  a  high-Toltage 
source  makes  possible  the  application  of 
a  circuit  which  proTides  powerful  sparks 
at  a  rate  of  speed  higher  than  can  be 
attained  in  a  make-ond-break  arrangement 


voltage  developed  across  it  until 
current  has  flown  for  an  appreci¬ 
able  time,  and  firing  of  the  associ¬ 
ated  tube  is  delayed  by  this  effect 
for  a  purpose  later  to  be  evident 
With  the  interrupter  cam  in  the 
position  shown,  the  anode  of  V,  is 
connected  to  the  primary  of  Ti,  thus 
connecting  capacitor  C,  across  the 
primary  of  Ti  in  series  with  the 
discharge  tube.  No  appreciable  cur¬ 
rent  flows  at  the  instant  of  contact 
closure,  since  the  tube  V„  not  being 
ionized,  is  as  yet  an  open  circuit. 
The  current  through  L,  begins 
slowly  to  build  up,  charging  the  ca- 


FIG.  8 — ^Triods  in  circuit  as  shown  attacks 
problom  of  cross-firing  botwoon  high-im- 
pedonce  spark-plug  leads.  This  dreuit  is 
particularly  useful  in  fuel-in]ectloa-type 
engines  using  a  continuous  discharge 


FIG.  9 — Aircraft  ignition  systems  encounter  problem  of  high-altitude  loss  in 
insulating  properties  of  the  atmosphere.  This  circuit  gets  away  from  axc-owmt, 
leakage,  and  cross-firing  by  using  special  spark  plugs  and  two  gos-fllled 

triodes 

m 


pacitor  C«,  which  after  a  time 
reaches  the  firing  potential  of  tube 
V„  establishing  the  arc  and  per¬ 
mitting  the  passage  of  the  main 
discharge  current. 

The  purpose  of  this  delay  is  to 
prevent  passage  of  the  heavy  main 
discharge  before  the  contacts  have 
become  firmly  engaged.  During  this 
period,  capacitor  C*  is  discharged 
and  Cl  becomes  charged,  both  cur¬ 
rents  adding  to  increase  the  energy 
in  the  spark  produced  at  the  plug 
Pt.  The  circuit  is  thereby  cocked 
for  the  next  cycle  of  operation. 
This  is  initiated  when,  upon  the 
continuing  rotation  of  the  cam,  the 
primary  of  T,  is  connected  to  the 
cathode  of  Vi,  V,  having  been  previ¬ 
ously  disconnected  from  the  circuit. 
Once  again,  after  a  slow  build-up 
of  the  current  through  the  delay 
inductance,  the  discharge  tube  is 
fired  and  a  spark  is  produced  in 
the  plug  connected  to  the  excited 
transformer  T„  this  time  by  the 
combined  discharge  current  of  C, 
and  charging  current  of  Ct. 

Life  of  the  contact  points  in  this 
apparatus  is  practically  unlimited, 
since  there  is  no  current  flow  ex¬ 
cept  during  the  period  of  solid  en¬ 
gagement,  the  blocking  action  of 
the  control  tubes  preventing  a 
surge  during  the  period  of  initial 
engagement,  while  the  natural  de¬ 
cay  of  the  oscillations  reduces  the 
current  to  zero  before  the  contacts 
break. 

As  distribution  takes  place  at  300 
volts,  there  is  also  no  difficulty  with 
arc-over  at  high  altitudes,  leakage 
on  the  distribution  lines,  or  cross¬ 
firing.  When,  for  starting  pur¬ 
poses,  more  energy  is  needed  in  the 
spark,  this  is  secured  by  closing  the 
switch  S,  to  effectively  parallel 
Cl  and  C'l  and  C*  and  C\.  It  should 
be  emphasized  that  this  will  not 
change  the  sparking  voltage  avail¬ 
able,  but  only  the  energy  in  the 
spark. 

An  ingenious  assembly  em¬ 
bodying  both  spark  plug  and  trans¬ 
former  has  been  worked  out  for  use 
in  conjunction  with  the  system  of 
Fig.  9  and  is  illustrated  in  detail 
in  Fig.  10.  The  threaded  shell  of 
the  plug  is  fitted  with  an  insulated 
central  electrode  projecting  into 
the  interior  of  a  molded  assembly 
in  which  the  step-up  transformer 
is  embedded. 

no 


Shown  in  vertical  section  in  Fig. 
10,  the  transformer  comprises  an 
800-turn  secondary  wound  directly 
on  a  laminated  or  pressed  iron  core, 
with  the  25-turn  primary  wound 
over  the  secondary.  One  end  of  the 
secondary  is  connected  to  the  core, 
which  is  conductive  and  fitted  to 
engage  the  projecting  end  of  the 
center  electrode.  The  other  end  of 
the  secondary,  together  with  one 
end  of  the  primary  winding,  is  con¬ 
nected  to  the  shield  slipped  over 
and  secured  to  the  shell. 

Power  is  fed  to  the  primary  from 
the  incoming  line  through  a  con¬ 
tact  at  the  top  of  the  molded  trans¬ 
former  assembly,  the  lead  terminal 
being  maintained  in  engagement 
with  this  contact  through  the  ac- 


FIG.  10 — All  high-irequency  currents  in  the 
spark-produced  transient  are  coniined  to 
the  spark  plug  itseli  in  this  design  which 
serves  with  the  circuit  shown  in  Fig.  9 

tion  of  the  retaining  spring.  This 
keeps  the  whole  interior  assembly 
pressed  tightly  against  the  center 
electrode. 

With  this  form  of  assembly,  all 
the  high-frequency  currents  in  the 
spark-produced  transient  are  con¬ 
fined  to  the  plug  itself,  the  remain¬ 
ing  interference  reflected  into  the 
line  from  the  distributor  being 
much  lower  in  value  and  located  in 
a  circuit  where  filtering  is  rela¬ 
tively  simple. 

Multi-Eleetrode-Tubes  and  High-Ten¬ 
sion  Systems 

Turning  now  to  high-tension  dis¬ 
tribution  systems  incorporating 
multiple-electrode  tubes,  we  en- 


FIG.  11 — Breakdown  of  gos-iilled  tvlM  h 
this  arrangement  generates  a  high-Toltogt 
pulse  in  the  secondary 

counter  the  arrangement  of  Fig, 
11,  operating  directly  from  the  6- 
volt  storage  battery,  and  having  a 
tapped  charging  coil  connected  to 
the  battery  in  series  with  the  stand¬ 
ard  breaker  or  interrupter’. 

When  the  breaker  is  opened,  a 
damped  sinusoid  appears  acroas 
the  charging  coil,  charging  Ct,  con¬ 
nected  across  the  primary  of  the 
sparking  transformer  in  series  with 
the  anode-cathode  path  of  the  gas- 
filled  hot-cathode  discharge  tube  V. 
Capacitor  C,  is  connected  acroas 
only  a  portion  of  the  charging  coil, 
and  the  control  grid  of  the  tube  is 
connected  to  the  opposite  end  of 
the  coil  so  that  as  the  anode  is 
driven  positive,  the  control  grid  is 
driven  negative. 

By  using  a  discharge  tube  re¬ 
quiring  positive  grid  voltages  for 
firing  when  the  anode  voltage  is 
below  100  volts,  and  negative  grid 
voltage  for  firing  when  the  anode 
voltage  is  greater  than  this,  it  is 
possible  to  proportion  the  turns  so 
that  the  tube  characteristic  and 
the  voltage  characteristic  of  tt* 
charging  coil  intersect  at  uj 
chosen  point,  say  200  anode  vdts. 
There  is  then  no  current  flow  h 
the  sparking  transformer  until 
this  voltage  is  reached,  whereupon 
the  tube  V  breaks  down  to  generit* 
a  high-voltage  pulse  in  the  second¬ 
ary  of  the  sparking  transformer 
which  is  then  impressed  on  the  se¬ 
lected  plug  by  the  distributor. 

Another  circuit  with  which  some 
work  was  done  in  1939  is  thsf 
shown  in  Fig.  12,  wherein  an  in¬ 
terrupter  7,  connected  to  a  charg¬ 
ing  transformer  and  the  battery, 
operates  in  conjunction  with  a  rec¬ 
tifier  to  charge  a  reservoir  capa^^ 
‘itor  C  through  a  limiting  r^istor- 
Again  the  reservoir 
connected  to  the  primary  w 
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fig.  12 — High-speed  acceleration  is  improved  by  this  circuit  which  combines 
power>supply  interrupter  with  timed  breaker  and  gas-iilled  triode 


sparking  transformer  by  the  anode- 
cathode  path  of  a  gas  discharge 
tube  V  whose  grid  is,  in  this  case, 
normally  connected  to  ground  and 
the  negative  terminal  of  the  battery 
through  the  resistor 
A  second  interrupter  /,  is  con¬ 
nected  between  the  positive  terminal 
of  the  battery  and  the  control  grid, 
and  upon  closure,  causes  the  tube  V 
to  fire  and  generate  a  spark  in  the 
plug  connected  to  the  secondary 
circuit.  This  circuit  operates  with 
very  little  breaker-point  current 
and  is  relatively  immune  to  trouble 
from  poor  insulation  in  the  second¬ 
ary  circuit.  Though  the  develop¬ 
ment  used  a  mercury-electrode  in¬ 
terrupter  for  /„  a  synchronous  vi¬ 
brator  supply  has  been  used  with 
the  circuit  rearranged  to  permit  op¬ 
eration  of  the  gas-discharge-tube 
filament  at  chassis  potential,  and 
at  high  speeds  the  system  has  de¬ 
veloped  sparking  potentials  in  ex¬ 
cess  of  those  provided  by  the  best 
coils  at  the  more  favorable  low 
speeds.  The  most  noticeable  per¬ 
formance  improvement  was  a  gain 
in  acceleration  possible  with  engine 
speeds  over  3250  rpm  (65  mph)  and 
this  was  retained  despite  wide  vari¬ 


ations  from  the  recommended  val¬ 
ues  for  the  plug-gap  spacing. 

The  circuits  of  Fig.  13  and  14  are 
designed  to  overcome  restrictions 
on  design  freedom  imposed  by  the 
hot-cathode  type  of  discharge  tube, 
both  employing  the  631-Pl  for  con¬ 
trol  purposes.  The  631-Pl  is  a  cold- 
cathode  gas-filled  discharge  device 
having  two  control  elements  inter¬ 
posed  between  the  anode  and 
cathode. 

Its  particular  adaptability  for 
this  type  of  work  is  due  to  the  ex¬ 
tremely  high  peak  currents  which 
it  is  able  to  pass  and  to  its  avail¬ 
ability  for  instant  operation  result¬ 
ing  from  lack  of  heater  require¬ 
ments.  The  tube  itself  is  most  fa¬ 
miliar  in  connection  with  strobo¬ 
scopic  apparatus  where  it  has  found 
wide  application  as  a  highly  satis¬ 
factory  light  source. 

Figure  13  shows  a  system  de¬ 
signed  for  an  engine  having  a  sin¬ 
gle  ignition  coil  and  a  single  dis¬ 
tributor.*  A  300-volt  source  is  con¬ 
nected  across  the  reservoir  capaci¬ 
tor  Co  and  bridged  by  the  series- 
connected  capacitors  Ci  and  C*. 

The  junction  point  of  the  two  im¬ 
pulse-generating  capacitors  C,  and 


Ci  connects  through  the  primary 
of  the  ignition  coil  to  the  inter¬ 
connected  cathode  and  anode  of  a 
pair  of  631-Pl  tubes  connected  in 
series  across  the  supply  line.  Inter¬ 
rupters  li  and  h,  actuated  by  the 
cam  in  the  distributor  housing,  suc¬ 
cessively  place  a  positive  bias  on 
one  of  the  grids  in  the  two  gas 
tubes,  causing  a  primary  discharge 
through  T  first  in  one  direction  and 
then  the  other. 

The  1-meg  resistor  across  Ci  in¬ 
sures  that  Ci  will  be  charged  to  the 
full  line  potential  when  the  appa¬ 
ratus  is  turned  on  after  a  period  of 
inactivity,  in  which  case  the  oper¬ 
ation  is  as  follows:  as  the  cam  ro¬ 
tates  clockwise,  contacts  h  first  sep¬ 
arate,  after  which  contacts  /,  close, 
placing  a  positive  bias  on  the  con¬ 
trol  element  of  V*.  This  triggers 
off  the .  discharge  of  capacitor  C, 
through  the  primary,  to  which 
there  is  added  the  charge  current 
of  capacitor  C,  being  readied  for 
action  on  the  next  cycle.  Upon  the 
continuing  rotation  of  the  breaker 
cam,  the  contacts  at  /*  are  opened 
and  those  of  7,  close,  firing  Vx  and 
restoring  the  impulse  capacitors  to 
their  original  state  ready  to  con¬ 
tinue  the  operation. 

Figure  14  is  a  similar  ignition 
system  designed  for  operation  with 
two  ignition  coils  working  through 
two  distributor  heads’*.*  The  two 
631-Pl  tubes  are  symmetrically  con¬ 
nected  in  the  two  supply  lines  lead¬ 
ing  to  either  end  of  the  series-con¬ 
nected  ignition-coil  primaries.  The 
center  tap  from  the  two  primaries 
goes  to  the  tap  between  the  two  ca¬ 
pacitors  C,  and  Ci.  As  interrupter 
/,  closes,  the  positive  potential  on 


^  tubes  serve  this  system  In  conjunction 

gle  ignition  coil  cmd  one  distributor.  A  high-voltoge 
source  is  required 
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FIG.  14 — This  circuit  uses  cold-cathode  tubes  with  two  coils 
and  two  distributors.  Ability  of  these  tubes  to  carry  high  surge 
currents  makes  them  ideal  for  this  service 


FIG.  15 — Ignition  con  be  directly  related  FIG.  16 — Diagram  ol  hydraulic  actuator  FIG.  17 — Detail  oif  the  piezoelectric  houi-  I  — 

to  the  pressure-time  curre  by  o  system  system  shows  how  rotary  valve  admits  ing  from  Fig.  16.  Crystal  pressure  ariin  I 

utilizing  a  crystal  as  shown  pulsations  from  pressure  chamber  from  deflection  of  base  electrode  I  Dc 


the  control  element  fires  con¬ 
necting  ignition  coil  h  across  Ci  to 
discharge  and  charge  C*.  On  the 
next  cycle  of  operation  V,  similarly 
fires,  discharging  C,  and  recharg¬ 
ing  Cl.  The  631-Pl  is  especially 
suited  for  this  type  of  service  as 
contrasted  with  the  hotAiathode 
types  because  of  its  very  great 
surge-current-carrying  capacity. 

Unless  surge  currents  of  2  to  5 
amperes  can  be  reliably  supplied, 
neither  these  nor  any  of  the  prev¬ 
ious  circuits  will  deliver  satisfac¬ 
tory  performance.  The  high  cath¬ 
ode  powers  required  in  the  hot- 
cathode  type  of  discharge  tube  to 
secure  these  peak  anode  currents, 
together  .with  the  heating  time  re¬ 
quired,  have  up  to  now  limited  the 
development  in  this  direction. 


itioHol  Timers 


With  tubes  controlling  the  dis¬ 
charge  circuit,  it  is  no  longer  neces¬ 
sary  to  use  relatively  massive 
breaker  points  for  controlling  the 
moment  of  spark  initiation.  In  the 
case  of  fuel-injection  engines  in 
particular,  benefits  can  be  derived 
by  controlling  the  timing  to  coin¬ 
cide  with  a  certain  portion  of  the 
charge  pressure-time  curve.  Fig¬ 
ure  15  illustrates  a  system  utilizing 
pressure  fluctuations  to  trigger  off 
the  spark  in  the  combustion  cham¬ 
ber”.  The  0.5  /if  capacitor  is 
charged  from  a  250-volt  source 
through  a  limiting  resistor,  and 
connected  in  series  with  the  pri¬ 
mary  of  the  ignition  coil  via  the 
anode-cathode  path  of  a  gas-dis¬ 
charge  tube. 

Battery  B  normally  biases  the  con¬ 
trol-grid  of  tube  V  so  that  no  dis¬ 
charge  can  take  place,  and  is  con¬ 
nected  to  this  grid  in  series  with  a 
pressure  -  responsive  piezoelectric 


device.  Connected  to  the  proper 
portion  of  the  fluid  feed  system, 
this  piezoelectric  actuator  gener¬ 
ates  a  positive  voltage  which,  when 
.  it  reaches  the  proper  value,  permits 
firing  of  the  tube  and  passage  of 
the  spark  across  the  terminals  of 
whichever  spark  plug  is  connected 
through  the  distributor  to  the  ig¬ 
nition-coil  secondary  at  the  mo¬ 
ment. 

The  general  scheme  of  the  hy¬ 
draulic  actuator  system  is  por¬ 
trayed  in  Fig.  16,  showing  a  pres¬ 
sure  reservoir  connected  through 
a  rotary  valve  to  the  hydraulically 
driven  piezoelectric  actuator.  The 
rotary  valve  is  synchronized  with 
the  engine  crankshaft  in  the  same 
manner  as  the  camshaft,  and  each 
time  the  valve  port  sweeps  into  reg¬ 
ister  with  the  line  connections,  a 
pressure  pulse  is  applied  to  the 
piezoelectric  element.  Figure  17 
illustrates  the  internal  details  of 
the  quartz  pulse-generator  used  in 
this  arrangement.  As  the  pressure 
wave  drives  the  base  electrode  in 
the  direction  of  the  top  electrode, 
pressure  on  the  quartz  plate  rises, 
developing  the  trigger  voltage. 

These  developments,  which  illus¬ 
trate  the  type  of  work  done  to  im¬ 
prove  ignition  systems  through  the 
use  of  electronic  devices  and  tech¬ 
niques  in  the  past  decade,  make  it 
clearlv  evident  that  although  su¬ 
perior  performance  over  the  pres¬ 
ently  incorporated  ignition  systems 
can  be  demonstrated,  the  designer 
in  this  field  is  limited  by  the  funda¬ 
mental  fact  that  the  primary  power 
soirees  available  to  him  are  in  the 
relatively  low-voltage  range  of  6  to 
24  V,  a  range  with  which  the  experi¬ 
enced  electronics  designer  associ¬ 
ates  heater  operation,  not  anode  ex¬ 
citation. 


All  the  systems  described  embody 
some  means  to  work  the  space  dis¬ 
charge  portion  of  the  associated 
electronic  device  at  a  voltage  in  ex¬ 
cess  of  100  volts,  and  most  use  gas 
discharge  tubes  to  decrease  the 
power  lost  within  the  tube.  That 
an  increase  in  voltage  level  is  an 
indispensible  expedient  is  evident 
upon  a  moment’s  reflection,  for  no 
conventional  gas  discharge  devices 
have  pick-up  potentials  as  low  as 
6  volts,  which  is  even  lower  than 
the  arc-voltage  required  after  es¬ 
tablishment  of  the  discharge. 

Costwise,  an  electronic  ignition 
system  is  still  at  a  disadvantage, 
for  it  requires  a  step-up  device  and 
some  synchronized  contacting  de¬ 
vice  in  addition  to  the  tube  and 
auxiliary  components,  and  the 
make-and-break  system  does  not 
have  to  reckon  with  the  cost  of 
these  latter  elements.  In  the  air¬ 
craft  fleld,  with  problems  peculiar 
to  itself,  and  the  trend  toward 
higher  primary  a-c  or  d-c  power- 
supply  voltages,  the  supply-voltage 
limitation  is  steadily  becoming  less 
effective.  When  sufficiently  super¬ 
ior  performance  can  be  demon¬ 
strated  with  not  more  than  a  mod¬ 
erate  increase  in  price,  a  growth  of 
interest  is  to  be  anticipated. 
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TEST  SET 

for  Quartz  Crystals 


Details  an<l  development  steps  in  the  creation  of  a  master  **go — no-go”  gage  which  deter¬ 
mines.  against  applicable  specifications,  the  electrical  suitability  of  a  wide  variety  of  quartz 

crystal  types 


PRIOR  TO  World  War  II,  the 
quartz  crystal  industry  of  this 
country  consisted  of  perhaps  four 
or  five  major  manufacturers  and 
two  dozen  or  so  smaller  producers. 
The  advent  of  Lend-Lease  and  the 
subsequent  entry  of  our  country 
into  the  war  immediately  created 
a  terrific  demand  for  radio  and  elec¬ 
tronic  equipment  and  components 
of  all  kinds. 

Crystals  quickly  became  one  of 
the  most  critical  items.  The  war¬ 
time  program  called  for  many  thou¬ 
sands  per  month  as  a  starter, 

,  whereas  a  pre-war  order  for  500  or 
1 1,000  crystals  was  a  large  one,  in¬ 
deed.  Consequently,  it  was  neces¬ 
sary  that  existing  crystal  manu¬ 
facturers  reorganize  their  plants 
and  processes  to  a  mass-production 
basis.  Among  the  many  develop- 

Iwents  which  have  materially  con- 
ted  to  mass  crystal  production 
!  crystal  test  set. 

A  a  test  set  was  not  in  general 
>y  the  industry  prior  to,  and 
3me  time  after  the  outbreak  of 
Rather,  it  was  customary^ 
•ice  for  the  radio  equipment 
ifacturer  to  supply  to  the  crys- 
canufacturer  a  representative 
of  the  equipment  in  which  the 
was  to  be  used.  The  equip- 
1  thus  supplied  to  him  became 
t^nfstal  manufacturer’s  produc- 
standard,  to  which  he  estab- 
-  a  working  relationship  on  his 
l««on  test  oscillators. 

Early  Test  Sets 

•■e-war  problems  in  crystal 
Wacture  were  multiplied  to  the 
military  orders  were 
®^eryihing  necessary  for 
production  was  scarce :  tech- 
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nical  knowledge  and  methods, 
trained  personnel,  materials,  space, 
and  equipment.  Test  sets  for  crys¬ 
tal  manufacture  were  generally  un¬ 
known  and  the  practice  of  using  the 
actual  radio  equipment  as  a  produc¬ 
tion  standard  was  followed  for  a 
time.  Use  of  the  radio  itself,  how¬ 
ever,  was  awkward  and  generally 
unsatisfactory  from  a  technical 
standpoint.  At  the  same  time,  the 


armed  forces  were  crying  for  every 
available  means  of  communications. 
As  a  final  discouragement,  military 
security  definitely  restricted  dis¬ 
play  of  new  equipment. 

Accordingly,  crystal  test  sets 
were  soon  developed  which  repre¬ 
sented  fairly  well  the  actual  re¬ 
quirements  of  the  radio  sets,  and 
were  simple  to  operate.  These  test 
sets,  however,  had  little  advantage 
over  the  actual  equipment  except 
for  the  important  one  of  releasing 
equipment  urgently  needed  for  mili¬ 
tary  use. 

Maintenance  of  the  crystal  test 


Front  and  rear  views  of  quartz  crystal  test  set  show  simplicity  of  design. 
All  controls  are  available  on  the  panel  which  also  carries  the  correlation  data 
chart  for  establishing  the  tests  for  various  crystal  units 
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sets  was  a  problem.  As  with  the 
actual  radio  equipment  when  used 
in  crystal  production,  the  useful 
production  life  of  the  test  set  was 
short.  Tubes  aged  or  burnt  out, 
and  batteries  lost  their  voltages. 
Consequently,  the  Galvin  crystal 
engineering  group  began  thinking 
of  an  ideal  crystal  test  set.  This 
unit  would  be  stable,  thus  requiring 
a  minimum  of  calibration  mainte¬ 
nance.  It  would  be  so  designed  that 
the  requirements  for  many  types 
of  crystals,  not  just  one,  could  be 
accurately  and  quickly  established 
on  it,  and  duplicated  at  any  time. 
A  table  of  adjustments  would  be 
provided  to  facilitate  the  setting  up 
of  any  established  correlation.  The 
set  would  be  entirely  a-c  operated. 


after  a  working  model  of  the  radio 
set  has  been  designed  and  built. 

The  frequency  tolerance  depends 
upon  a  number  of  factors:  trans¬ 
mitting  frequency,  receiver  band¬ 
width  response,  and  others.  The 
minimum  activity  value  is  that  be¬ 
low  which  the  crystal  will  not  pro¬ 
duce  satisfactory  operation  of  the 
equipment,  all  other  variables  being 
at  their  minimum  values.  In  some 
equipment,  the  crystal  has  been  re¬ 
quired  to  produce  proper  set  opera¬ 
tion  even  when  other  components 
are  somewhat  below  their  minimum 
values. 

To  the  activity  value  which  is  es¬ 
tablished  as  a  minimum,  a  safety 
factor  is  usually  added.  The  activ¬ 
ity  value  itself  is  usually  expressed  ard, 
or  evaluated  in  terms  of  one  of  the 
following:  rectified  grid  current  of 
the  oscillator  tube,  d-c  bias  voltage 
produced  on  the  grid  of  the  fol¬ 
lowing  tube,  r-f  signal  voltage  at 
the  grid  of  either  the  oscillator  or 
following  tube,  r-f  voltage  at  the 
grid  of  a  mixer  tube,  d-c  bias  volt¬ 
age  on  modulator  or  a-f  output 
tubes,  etc.  The  minimum  require¬ 
ments  are  given  to  the  crystal  en¬ 
gineer  so  that  he  can  proceed  to 
establish  an  accurate  crystal  test 
set  against  average  radio  equip¬ 
ment. 

The  crystal  test  set  is  usually  cor¬ 
related  to  an  average  radio  in  the 
following  manner:  with  the  test  set 
input  adjusted  to  duplicate  that  of 
the  equipment,  frequency  measure¬ 
ments  are  made  on  a  number  of 

crystals  over  the  operating  range  pressive.  As  examples  of  var 

encountered:  only  one  of  all 
sets  involved  used  crystal 


as  a  check  that  a  given  crystal,  ,, 
erating  in  the  test  set,  does  repr. 
duce  very  accurately  its  frequen. 
when  operating  in  the  radio  equi:- 
ment.  A  number  of  crystals  hav;: 
a'  tsvicy  values  above,  below  and  -; 
the  iiiinimum  are  then  used  to  de¬ 
termine  the  average  test-set  ga 
meter  reading  which  corresponds! 
the  minimum  crystal  activity  in  the 
radio  equipment. 

Thus  correlated,  the  test  set  at: 
associated  radio  equipment  tk 
become  standards  and,  as  such,  a.^ 
reserved  from  further  use  unti 
such  time  as  it  may  be  desired! 
confirm  primary  correlation.  Otke: 
test  sets  are  calibrated  against  thi 
one  established  as  primary  state 
Of  the  secondary  standard 
one  is  reserved  from  use — again- 
which  the  working  standards  ma- 
be  checked  from  time  to  time.  The 
crystal  manufacturer  receives  oth- 
calibrated  reference-standard 
sets  which  have  been  establi.<' 
against  one  of  the  working  sec^: 
ary  standards. 


Relation  of  Test  Set  to  Equipment 

The  fundamental  requirement 
of  a  ciystal  test  set  with  relation  to 
the  equipment  in  which  the  crystal 
is  to  be  used  is,  of  course,  quite 
simple:  the  test  set  shall  cause  tl;ie 
crystal  to  operate  just  as  it  does 
in  the  radio  equipment.  To  obtain 
this  performance,  the  test  oscillator 
must  be  so  designed  that  its  input 
characteristics  are  the  same  as  pre¬ 
sented  to  the  crystal  by  the  crystal 
oscillator  in  the  radio  equipment. 
Thus,  frequency  and  activity  (r-f 
voltage)  requirements  for  the  crys¬ 
tal  are  duplicated  to  a  high  degree 
of  accuracy  by  the  test  set. 

The  maximum  frequency  toler¬ 
ance  and  minimum  activity  require¬ 
ments  of  the  crystal  are  generally 
determined  by  the  radio  engineer 


Design  of  the  New  Test  Set 

Inasmuch  as  each  crystal  oscS 
lator  is  different  in  each  of  a  nun- 
ber  of  types  of  Signal  Corps  equip 
ment  manufactured  by  Galvin,  i 
like  number  of  early  primary  stanc 
ard  test  sets  was  established,  dup 
Heated  and  maintained.  Consfr 


FIG.  1 — Circuit  <Uagram  of  Model  CES-1  standard  crystal  test 
set.  Note  reduced  heoter  voltage  to  insure  long  tube  life 


sirable  to  incorporate  variable  d-c 
plate-voltage  control,  but  this  fea¬ 
ture  would  be  omitted  from  pre¬ 
liminary  plans. 

The  oscillator  circuit  would  be 
the  Pierce  type,  since  nearly  all  the 
radio  equipment  concerned  used  one 
or  another  variation  of  the  basic 
Pierce  circuit.  The  entire  test  set 
would  be  a-c  operated,  with  d-c 
voltage  regulation.  The  oscillator 
tube  would  be  operated  far  below 
its  nominal  d-c  plate  and  screen 
voltages ;  likewise,  the  heater  would 
be  operated  at  sub-normal  voltage. 
Because  of  these  reductions  in  op¬ 
erating  points,  tube  aging  and 
burn-out  would  be  minimized. 

Preliminary  sketches  of  the  cir¬ 
cuit  (see  Fig.  1)  and  physical  lay¬ 
out  of  the  new  test  set  were  made. 
Then  a  model  was  built  and  given 
preliminary  tests  whose  results 
well  justified  completion  of  the  de¬ 
velopment. 

.4fter  construction,  performance 
tests,  and  correlation,  three  Model 
CES-1  Standard  Crystal  Test  Sets 
were  shipped  to  the  Long  Branch 
Signal  Laboratories  for  their  tests. 
A  short  time  later,  tentative  ap¬ 
proval  and  an  engineering  report 
of  the  findings  were  issued.  Fol¬ 
lowing  this,  the  Laboratories, 
through  the  cooperation  of  Lt.  Col. 
W.  F.  Atwell  and  Maj.  E.  F.  Mit¬ 
chell,  sent  two  of  their  engineers 
to  Galvin  to  confirm  the  prime  cor¬ 
relations  which  had  previously  been 
established.  Full  approval  and  ac¬ 
ceptance  of  the  CES-1  Crystal  Test 
Set  as  a  standard  by  the  Signal 
Corps  was  announced  soon  after¬ 
wards. 

Performanc«>  of  Sets 

After  the  first  production  group 
of  CES-1  test  sets  had  been  in  serv¬ 
ice  for  a  few  weeks,  it  became  evi- 
ilcnt  that  the  activity-correlation 
stability  of  some  units  was  not  as 
consistent  as  that  of  others.  A 
thorough  investigation  of  several 

the  unstable  units  disclosed  two 
sources  of  trouble :  erratic  grid- 
^ias  and  meter-reference  resistors 
sod  unstable  VR-90-30  voltage-reg- 
“l«tor  tubes. 

Although  the  VR-90  tubes,  as 
^oll  as  the  entire  test  set,  had  been 
*?cd  60  to  100  hours  prior  to  being 
Paced  into  service,  it  was  found 
that  many  of  the  tubes  did  not  hold 
specified  regulating  charac- 
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teristics.  This  situation  was  rem¬ 
edied  by  aging  of  the  regulator 
tubes  in  a  special  rack.  Unstable 
units  were  discarded  and  the  ac¬ 
ceptable  ones  were  placed  into  serv¬ 
ice  in  the  test  sets.  This  program 
was  applied  to  all  CES-1  test  sets, 
as  well  as  to  considerable  engineer¬ 
ing  laboratory  equipment  which 
used  the  VR-90  voltage  regulator. 

After  extensive  tests,  the  resis¬ 
tors  which  had  given  trouble  were 
replaced  in  all  test  sets  by  a  semi¬ 
precision  type. 

The  stability  of  both  the  voltage- 
regulator  and  the  resistors  involved 
in  the  meter-reference  circuit  was 
important  to  the  extreme  since  a 


Typical  activity  correlation  curve  relates 
CES-1  test  set  indication  to  average  radio 
equipment  requirement.  These  curves  are 
the  means  by  which  determinations  of 
specification  values  are  made  for  crystals 


given  re.sistor  value  was  to  be  set 
up  at  any  time  to  an  accuracy  of 
:^5  microamperes,  in  terms  of  di¬ 
rect  current  on  the  activity  meter. 
Circuit  variations  ordinarily  con¬ 
sidered  as  very  small  therefore  be¬ 
came  quite  important.  A  switching 
circuit  was  added  to  the  test  set  so 
that  the  operation  of  the  VR-90 
tube  can  be  checked  at  any  time 
against  a  B-h  reference  value,  es¬ 
tablished  and  recorded  on  the  cor¬ 
relation  chart  when  the  tube  i.s  put 
into  service.  The  meter-reference 
value,  established  by  a  variable  re¬ 
sistor  in  the  o.scillator  grid  circuit 
and  the  con.stant  B  voltage,  simul¬ 
taneously  establishes  the  proper 
activity  correlation  for  the  particu¬ 
lar  crystal  involved. 

After  these  improvements  were 
made,  the  stability  of  the  test  set 
had  improved  so  that  nearly  a  year 
ago,  crystal  suppliers  were  changed 
over  to  a  schedule  calling  for  rou¬ 
tine  checking  of  their  test  stand¬ 


ards  at  2-month  intervals  by  the 
csystal  engineering  division  at  Gal¬ 
vin,  the  prime  contractor.  Of 
course,  if  and  when  a  component 
failure  should  occur,  the  test  set  is 
to  be  returned  for  complete  serv¬ 
icing  and  re-standardization.  This 
has  not  yet  occurred,  however. 

Setting  up  a  calibrated  CES-1 
test  set  for  a  given  correlation  is  a 
simple  matter.  The  necessary  data 
are  included  in  the  chart  mounted 
on  the  front  panel  on  the  instru¬ 
ment.  The  procedure  consists  of 
setting  up  two  dial  values  and  one 
meter-reference  value  for  each  cor¬ 
relation.  This  operation  requires 
less  than  one  minute. 

FHtrre  Developments 

In  order  to  advance  the  simplic¬ 
ity  of  standardizing  crystal  test 
sets  further,  it  is  contemplated 
that  artificial  minimum-activity 
crystals  may  be  available  at  some 
time  in  the  future.  Such  units  will 
be  made  to  a  desired  characteristic 
which  will  correspond  to  an  actual 
minimum-activity  crystal  in  the 
radio  equipment  concerned.  With 
such  artificial  crystals,  the  crystal 
manufacturer  or  the  Signal  Corps 
in-spector  may,  at  any  time,  stand¬ 
ardize  his  crystal  test  set  without 
returning  it  to  his  prime  contrac¬ 
tor,  or  to  the  Signal  Corps,  which¬ 
ever  action  applies.  This  particu¬ 
lar  development  by  the  Signal  Corps 
Laboratories  has  not  yet  been  com¬ 
pleted,  although  one  form  of  it  is  in 
practical  use. 

While  the  crystal  test-set  prob¬ 
lem  seems  well  in  hand,  there  re¬ 
mains  much  to  be  done.  For  one 
thing  it  is  expected  that  some 
day  the  crystal  engineer  and  the 
radio  engineer  will  work  hand  in 
hand  on  the  design  of  any  new 
equipment  in  which  crystals  are  tn 
be  used.  Difficult  crystal  manufac¬ 
turing  problems  might  be  avoided 
if  this  sort  of  cooperation  were  to 
be  practiced.  More  efficient  crystal 
circuits  generally  are  possible  when 
the  specialized  knowledge  of  the 
crystal  engineer  is  used.  The  crys¬ 
tal  specialist,  on  the  other  hand, 
has  the  obligation  of  hastening  the 
day  when  the  performance  to  be  ex¬ 
pected  of  a  crystal  will  be  defined, 
in  practice,  as  a  function  of  the 
crystal  itself,  rather  than  in  such 
arbitrary  terms  as  those  discussed 
in  this  article. 
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This  photograph  shows  the  dials  of  the 
meter  capacitors,  terminals  for  connec¬ 
tion  to  the  test  cell,  and  the  6ES  which 
serves  as  oscillator  and  resonance 
indicator 

IN  the  past  thirty  years  dielectric 
measurements  have  become  im¬ 
portant  in  the  study  of  molecular 
structure'  -  "  and  in  laboratory  pro¬ 
cedure.*  Most  apparatus  used  to 
make  these  measurements  has  been 
designed  for  high  precision,  and  is 
costly  and  complicated. 

The  purpose  of  this  paper  is  to 
discuss  dielectric-constant  measure¬ 
ments,  and  to  describe  a  simple  in¬ 
strument  which  is  accurate  to  one 
percent  and  suitable  for  many  lab¬ 
oratory  and  industrial  measure¬ 
ments. 

The  Dielectric  Constant 

The  dielectric  constant  k  is  gen¬ 
erally  defined*  as  the  ratio  of  the 
permittivity  of  the  substance  being 
investigated  to  that  of  empty  space 
(fc  =  c/to) ;  k,  however,  is  more 
often  thought  of  as  the  ratio  be¬ 
tween  the  capacitance  of  a  capacitor 
immersed  in  a  dielectric  and  its  ca¬ 
pacitance  in  empty  space.  In  fact, 
most  methods  for  measuring  k  de¬ 
pend  on  this  latter  concept.  The 
dielectric  constant  of  dry  air 
(1.00059  at  0°C)  is  generally  taken 
as  unity  since  most  measurements 
of  k  are  not  made  to  better  than  0.1 
percent. 

Dielectric  constants  measured  at 
low  frequencies  cover  the  range 
from  1  to  nearly  100.  This  is  a  re¬ 
markably  wide  range  compared  to  a 
related  property,  the  optical  refrac¬ 
tive  index,  which  only  covers  the 
range  1.000  for  vacuum  to  2.950  for 
chrome-spinel.  Dielectric  constants 
of  some  common  materials  are 
shown  in  Table  I. 

Since  water  has  -such  a  high  di¬ 
electric  constant,  a  small  amount  of 
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it  can  be  detected  in  liquids  such  as 
benzene,  and  powders  such  as  flour 
and  tobacco,  by  dielectric  measure¬ 
ment.  Commercial  moisture  meters 
based  on  measurement  of  k  have 
been  made.*  Molecular  dipole-mo¬ 
ment  measurements  depending  on  k 
measurements  will  be  discussed 
later. 

Methods  of  Measuring  k 

Any  method  used  for  measuring 
capacitance  can  be  applied  to  meas¬ 
uring  k.  It  is  only  necessary  to 
make  the  measuring  cell  a  capacitor 
of  such  form  that  the  space  between 
the  plates  can  be  filled  with  the  sub¬ 
stance  to  be  measured.  The  ratio  of 
the  capacitance  when  filled,  to  that 
when  empty,  is  k. 

In  most  k  measurements  the  sub¬ 
stitution  method  is  used.  The  test 
cell,  of  capacitance  Cr,  is  placed  in 
parallel  with  a  calibrated  variable 


Table  1.  Dielectric  Constants 


Substance 

k 

Substance 

k 

Benzene 

2.3 

Glass 

5.0-10.0 

Quartz 

4.5 

Diamond 

16.5 

Castor  oil 

4.7 

Acetone 

21.3 

Mica 

5. 7-6. 5  Water 

81.0 

capacitor  of  capacitance  Cm,  in  a  cir¬ 
cuit  arranged  to  indicate  balance 
when  the  sum  of  Cr  and  Cm  is  a 
constant  Co.  The  capacitance  of  the 
test  cell,  when  filled  with  a  liquid  of 
dielectric  constant  fc„  is  fciCr.  At 
balance 


kiCr  C Ml  =  Cr  Cmo  =  Co  (1) 


Table  11.  Dielectric  Constants  and 

Temperatnre  Coelfficients  of 

Standard  Liquids 

1  Substance 

k  at  20°C  6k/ 6t  per  °C 

Benzene 

2.283  ±0.002  -0.0019 

m-Xylene 

2.374±0.002  -0.0019 

Ethyl  ether 

4.335±0.005  -0.019 

Aniline 

7.21  ±0.05  -0.025 

Acetone 

21.3  ±0.1  -0.096 

o-Nitrotoluene 

27.4  ±0.1  -0.15 

Nitrobenzene 

35.7  ±0.3  -0.18 

where  Cmo  is  the  capacitance  of  the 
calibrated  capacitor  when  the  test 
cell  is  empty,  and  Cmi  is  the  cali- 
brated-capacitor  capacitance  when 
the  test  cell  is  filled  with  a  substance 
of  dielectric  constant  k,. 

It  is  difficult  to  ascertain  the  true 
value  to  use  for  Cr  since  the  medium 
only  partially  fills  the  space  sur¬ 
rounding  the  test  cell  electrodes, 
and  also  because  there  are  stray  ca¬ 
pacitances  in  the  circuit  connecting 
Ct  and  Cm.  Consequently,  Eq.  (2)  is 
seldom  used,  and  a  calibration 
against  a  standard  liquid  of  di¬ 
electric  constant  k,  is  made,  with 
provision  to  always  fill  the  cell  the 
same  way  for  each  determination. 
By  this  method  it  is  possible  to  elim¬ 
inate  Ct  from  the  calculations  as 
follows : 

kiCr  -h  Cmi  =  Cr  -{■  Cj/o  =  C*  (1) 
ktCr  -f-  Cjft  =  Ct  -|-  Cj#9  =Co  (3) 
Rearranging,  and  dividing, 

{ki  —  1)C  -  _  Cmo  ~~  Cmi 
{kt  —  l)Cr  Cmo  ~  Cm 
Eliminating  Cmo, 

where  ACj,i  and  ACj,,  are  the  changes 
in  the  calibrated  capacitor  from  the 
condition  that  the  test  cell  was 
empty  to  the  condition  that  it  is 
either  full  of  the  unknown  dielec¬ 
tric  material  or  the  standard  dielec¬ 
tric  material  respectively. 

Table  II  shows  a  list  of  standard 
liquids  appearing  in  The  Interna¬ 
tional  Critical  Tables.’ 

For  measurements  at  audio  fre¬ 
quencies,  capacitance  bridges  are 
customarily  used  to  measure  C*. 
radio  frequencies  up  to  100  mega¬ 
cycles  the  heterodyne  beat  method 
shown  in  Fig.  1  is  used.  The  latter 
is  capable  of  great  precision,  an 
most  research  workers  in  dielwh'*^ 
constants  have  made  use  of  it 
the  past  twenty  years.*’  *’  * 
Another  principle  applie<f 
measuring  k  at  radio  frequencies  is 

April  1945 -ELECTRONICS 


\ 


CONSTANT  Meter 


Simple  method  for  measuring  dielectric  constant  by  utilizing  the  plate  current  character¬ 
istic  of  a  crystal  oscillator  as  it  is  tuned  through  its  oscillating  range.  The  meter  can  be 
made  automatic  for  industrial  applications  or  it  can  be  used  to  measure  capacitance 


the  resonance  method,  which  makes 
use  of  a  constant-frequency  refer¬ 
ence  oscillator  loosely  coupled  to  a 
tuned  circuit.  The  tuned  circuit 
contains  an  inductor,  a  standard  ca¬ 
pacitor,  and  the  measuring  cell,  plus 
a  means  of  determining  resonance 
such  as  a  thermogalvanometer  or  a 
vacuum-tube  voltmeter  as  illus¬ 
trated  in  Fig.  2.  This  is  just  an¬ 
other  method  of  ascertaining  when 
Ct  plus  Cm  equals  Co. 

Another  resonance  method  used 
in  the  frequency  ranges  above  100 
megacycles  is  to  vary  the  oscillator's 
frequency  and  observe  maximum 
oscillator  reaction  from  a  cavity 
resonator  immersed  in  the  dielec¬ 
tric."  The  dielectric  constant  is  pro¬ 
portional  to  the  square  of  the  reson¬ 
ating  frequency.  The  dielectric 
constants  of  most  substances  show 
anomalous  behavior  in  the  hundred- 
megacycle  region;  this  is  because 
the  relaxation  time  of  molecules  is 
on  the  order  of  lO  *  second,  and  with 
an  excitation  frequency  of  10*  cps 
they  are  not  able  to  follow  the  rapid 
changes  in  the  applied  electric  field. 


The  K*Meter 

The  k-meter  developed  in  this  lab¬ 
oratory  is  simple  and  inexpensive. 
Only  one  tube,  an  electronic  ray 
tube  of  the  magic-eye  type,  is  used. 
The  costs  of  parts,  including  power 
supply,  is  about  twenty-five  dollars. 

The  critical  capacitance  effect 
utilized  in  this  fc-meter  is  the  well- 
^own  snapping-in  of  a  crystal  os¬ 
cillator  as  the  tuning  capacitor  is 
changed  from  too  high  a  value  to- 
"ard  the  range  in  which  the  crystal 
oscillates.  This  effect  was  first  used 
7  Henriquez  of  Holland  in  connec¬ 
tion  with  dielectric-constant  meas¬ 
urements." 

.  3  shows  a  graph  of  the 

P  ate  current  of  a  triode  crystal  os- 
ci  ator  plotted  against  tuning  ca¬ 
pacitance.  Curve  A  is  obtained  with 
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decreasing  values  of  capacitance; 
curve  B  with  increasing  values.  It 
will  be  noted  that  the  circuit  stops 
oscillating  with  a  larger  value  of 
capacitance  than  the  starting  value. 
This  electrical-backlash  represents 
a  constant  increment  of  capacitance 
for  a  particular  oscillator,  and  is 
useful  in  checking  the  linearity  of 
the  measuring  capacitors.  In  the  re¬ 
gion  x-y  the  curve  is  steepest.  This 
critical  portion  of  the  curve  is  used 
to  locate  the  balance  for  each  ca¬ 
pacitance  determination. 

K-Meter  Construction 

Upon  conception  of  the  idea  to 
use  the  6E5  as  both  oscillator  and 
indicator,  there  were  some  misgiv¬ 
ings  as  to  the  tube’s  ability  to  han¬ 
dle  both  jobs  well.  The  first  model 
built  on  a  breadboard  worked  re¬ 
markably  well,  however,  and  the 
6E5  proved  to  be  an  excellent  crys¬ 
tal  oscillator  for  the  purpose.  The 
curves  shown  in  Fig.  3  were  taken 
on  the  circuit  now  in  use. 

The  circuit  of  the  A'-meter  is 
shown  in  Fig.  4.  The  total  change 
in  capacitance  of  the  measuring  ca¬ 
pacitor  Ci,  is  about  7  /i/xf  for  180- 
deg  rotation.  It  is  linear  between 
15  and  90  on  the  dial,  which  is  grad¬ 
uated  into  100  divisions  in  180  deg. 
Cl  is  a  capacitor  to  bring  the  total 
circuit  capacitance  into  the  oscillat¬ 
ing  range.  The  dials  of  these  ca¬ 
pacitors  read  increasing  numbers 
with  decreasing  capacitance;  thus, 
when  Ct  increases,  the  Cm  dial  is 
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FIG.  1 — Block  diagram  of  the  hetero¬ 
dyne  method  of  measuring  dielectrics 


increased  proportionally  to  main¬ 
tain  balance. 

It  is  interesting  to  note  that  not 
only  is  the  direct  plate  current  indi¬ 
cated  by  the  6E5,  but  also  the  am¬ 
plitude  of  the  radio-frequency  oscil¬ 
lations.  This  dual  indication  makes 
the  critical  point  easy  to  read. 

The  oscillator  unit  is  as.sembled 
with  the  precautions  taken  with  a 
frequency  meter.  All  r-f  wiring  is 
rigid  and  well  spaced.  The  parts  are 
tied  or  clamped  in  place  to  prevent 
changes  in  stray  capacitance.  The 
unit  is  built  on  the  panel,  making 
removal  from  the  cabinet  easy. 

X-cut  and  AT-cut  crystals  have 
been  tried.  The  X-cut  crystal  has  a 
better  snap-in  than  the  AT-cut  type. 
A  ten  centigrade-degree  change  in 
temperature  causes  a  0.03  percent 
change  in  frequency  foi  an  X-cut 
crystal  at  seven  megacycles.  Since 
the  precision  of  the  dials  and  meas¬ 
uring  capacitors  is  about  0.5  per¬ 
cent,  this  drift  of  the  X-cut  is  al¬ 
lowable,  and  desirable  because  of 
the  better  indicator  action  which 
it  gives. 

The  frequency  used  is  not  criti¬ 
cal.  Up  to  about  ten  megacycles  the 
dielectric  constants  of  most  mate¬ 
rials  are  the  same  as  those  meas¬ 
ured  by  direct-current  methods. 
Seven-megacycle  crystals  were  used 
because  they  were  available,  and 
because  operation  at  their  fre¬ 
quency  gave  good  accuracy  using 
small  measuring  cells. 

If  the  instrument  is  warmed  up 


FIG.  2 — Resonance  method  for  dielectric 
constant  measurements 
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for  half-an-hour  it  will  have  done 
ninety  percent  of  its  drifting.  After 
two  hours  warm-up,  the  circuit  can 
run  for  days  with  a  zero  drift  less 
than  that  which  can  be  read  on  the 
dial  of  Cm* 

Aatematic  Oparotion 

No  voltage  regulation  is  neces¬ 
sary.  Line  voltages  of  100  to  136 
volts  gave  no  shift  in  the  zero  set¬ 
ting  of  Cm.  When  the  line  voltage 
was  reduced  to  75  volts  the  pattern 
on  the  6E6  was  too  dim  to  be  clearly 
seen  and  the  zero  of  Cm  shifted  0.5 
dial  division,  corresponding  to  a  0.2 
percent  error  in  the  dielectric  con¬ 
stant  of  benzene. 

The  instrument  has  been  made  to 
operate  automatically  by  connecting 
a  spdt  relay  in  the  plate  circuit  of 
the  6E5.  The  relay  operates  a  re¬ 
versible  four-rpm  motor  connected 
to  the  vernier  drive  of  the  dial  on 
Cm.  The  motor  decreases  Cm  until 
balance  is  reached,  at  which  point 
the  relay  operates,  whereupon  the 
motor  reverses  until  the  relay  again 
operates.  In  this  manner  the 
k-meter  can  be  made  to  record  con¬ 
tinuous  changes  in  dielectric  con¬ 
stant  due  to  temperature  varia¬ 
tions.  A  suitable  recording  system 
can  be  attached  to  the  motor  shaft. 

The  Test  Cell 

Whether  the  substance  to  be 
measured  is  a  gas,  liquid  or  solid, 
it  must  be  made  the  dielectric  of  a 
capacitor.  Dielectric-constant  meas¬ 
urements  on  gases  are  performed 
with  elaborate  equipment*  and  are 
outside  the  capabilities  of  this 
k-meter.  Cells  for  liquids  are  of 
greatest  interest  to  the  practical 


physical  chemist  since  much  chem¬ 
istry  depends  on  the  properties  of 
liquids  and  solutions. 

Most  cells  described  in  the  liter¬ 
ature  are  of  glass  coated  with  metal 
walls.  Several  cells  of  excellent  de¬ 
sign  are  described  in  the  litera¬ 
ture.*®’ “  Glass  cells  are  adapted  to 
precision  measurements,  but  are 
difficult  to  make  since  not  only  is  a 
good  glassblower  required,  but  also 
one  able  to  do  a  careful  job  of  sil¬ 
vering  or  platinizing  the  electrodes. 

A  simple  demountable  cell  that  is 
easily  cleaned  is  shown  in  Fig.  5. 
This  cell  uses  semi-micro  quantities 
of  sample;  only  two  milliliters  of 
sample  are  required  to  fill  it.  It  is 
stainless  steel  and  can  be  turned 
on  a  lathe  in  several  hours.  A  punch 
mark  is  made  on  one  side  of  the 
outer  steel  test-tube  electrode  so 
that  the  center  part  can  always  be 
plugged  in  with  the  same  orienta¬ 
tion.  A  sapphire  centering  pin  set 
in  the  bottom  of  the  central  elec¬ 
trode  increases  the  overall  repro¬ 
ducibility  of  measurements  from 


FIG.  3 — Plato  current  of  o  crystal  oscil¬ 
lator  changes  as  the  tuning  capacitor 
is  tuned  through  resonance.  Data  (or 
this  ciirye  wos  taken  from  on  oscillator 
using  the  triode  section  of  o  6E5  tube, 
and  an  X-cut  7-Mc  crystal 


FIG.  4 — This  type  of  dielectric-constant  meter  uses  few  ports.  The  6E5  tube 
serves  both  as  oscillator  and  balance  indicator.  The  power  supply  con  hove 
no  direct-current  path  to  ground 


one  percent  error  without  the  pin 
to  0.3  percent  error  with  the 
pin.  This  increase  in  accuracy  is 
valuable  when  making  molecular 
dipole-moment  measurements  or 
tests  for  impurities. 

Using  two  milliliters  of  sample  in 
the  cell  brings  the  liquid  level 
above  the  recessed  shoulder  so  that 
volumetric  errors  cannot  cause 
large  errors  in  fe.  A  plus  or  minus 
five  percent  error  in  measuring  a 
sample  causes  a  ±0.7  percent  error 
in  k  for  2<fc<3.  Using  this  cell,  one 
di^jl  division  of  Cm  corresponds  to 
A/c  =  .010  ±  .003.  Due  to  the  type  of 
measuring  capacitor  used,  actual 
dielectric-constant  values  can  only 
be  relied  on  to  plus  or  minus  one  in 
the  third  significant  figure. 

A  similar  cell  made  to  fit  in  a  test 
tube  rather  than  to  be  self-con¬ 
tained  was  described  by  Hazen.**  A 
dip-cell  has  been  used  with  the 
k-meter.  It  was  made  of  flat  nickel 
plates.  A  cell  made  of  concentric 
cylinders  is  preferable,  however,  to 
one  of  flat  plates,  because  the  paral¬ 
lel-plate  capacitor  suffers  from 
larger  edge  effects.  For  solids  in 
powder  form  such  as  flour  and  cut 
tobacco,  special  cells  must  be  de¬ 
vised  for  the  particular  problem*. 

Chemical  Applications 

In  the  chemical  laboratory  k 
measurements  are  useful  in  the 
identification  of  compounds,  the 
control  of  distillations  and  reac¬ 
tions,  the  determination  of  purity, 
and  the  measurement  of  molecular 
dipole  moments. 

Isomers  of  organic  liquids  can 
often  be  identified  by  their  dielec¬ 
tric  constants.  If  it  is  known  that 
only  two  isomers  exist  in  a  sample, 
the  concentrations  of  each  can  be 
determined  if  their  fe’s  are  known. 
For  example,  ortho-xylene  has  a  k 
at  twenty  degrees  centigrade  of 
2.68  and  meta-xylene  under  the 
same  conditions  has  a  k  of  2.37. 
Using  the  test  cell  described  above 
there  is  a  twenty  dial-division  in¬ 
crement  on  Cm  from  ortho-  to  meta¬ 
xylene,  making  it  possible  to  meas¬ 
ure  2.6  percent  ortho-  in  meta¬ 
xylene  by  reading  Cm  to  one-half  a 
dial  division. 

Dielectric  constant  measurements 
have  been  used  to  follow  the  course 
of  distillation  in  a  three-component 
system.  The  variation  of  k  is  shown 
in  Fig.  6.  Such  distillations  may  be 
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stance  in  a  non-polar  substance  such 
as  benzene.  More  exotic  methods, 
such  as  Estermann's  molecular-ray 
method"*,  have  been  applied  to  the 
measurement  of  the  dipole  moment, 
but  ^-measurements  form  the  basis 
of  most  of  the  research  in  this  field. 
Hence  the  fc-meter  is  directly  ap¬ 
plicable  to  molecular  dipole-moment 
measurements. 

Few  schools  include  experiments 
on  dielectric  constants  in  their  un¬ 
dergraduate  physical  -  chemistry 
curricula.  This  is  due  in  part  to  the 
lack  of  a  simple  instrument  of  stu¬ 
dent-grade.  The  fc-meter  described 
herein  is  sensitive  enough  to  meas¬ 
ure  the  dipole  moment  of  substances 
such  as  nitrobenzene  whose  dipole 
moment  is  of  the  order  of  10‘”  esu, 
and  would  prove  valuable  in  teach¬ 
ing. 
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wires  of  varying  diameters  as  ca¬ 
pacitors.  A  one-cm  length  of  spa- 
ghetti-t3T)e  insulation  slipped  over 
a  three-cm  length  of  number  eight¬ 
een  bus  wire  gave  a  0.8  dial-division 
change  in  Cm.  These  demonstrations 
using  the  fc-meter  would  be  valu¬ 
able  in  a  course  in  electrical  meas¬ 
urements,  and  are  made  more  sim¬ 
ply  than  with  a  precision  capaci¬ 
tance  bridge. 

Temperature  and  Pressure 
Measurements 

The  fc-meter  has  been  used  to  fol¬ 
low  automatically  the  temperature 
indications  of  a  standard  mercury- 
in-glass  thermometer.  A  wire  was 
wrapped  around  the  bulb  to  make 
capacitive  contact  with  the  mercury, 
and  a  piece  of  metal  foil  was  wrap¬ 
ped  around  the  stem.  The  fc-meter 
with  motor  drive  was  connected  to 
these  electrodes.  With  the  particu¬ 
lar  thermometer  used,  a  one-centi¬ 
grade  degree  temperature  change 
gave  a  two-dial-division  change  on 
Cjf.  sealing  a  lead  into  the  mer¬ 
cury  bulb  and  using  a  thinner  glass 
wall  this  could  be  magnified. 

The  meter  has  also  been  used  to 
follow  minute  variations  in  level  of 
a  mercrfry-in-glass  manometer.  One 
electrode  was  inserted  in  the  mer¬ 
cury;  the  other  was  a  tight-fitting 
metal  cylinder  mounted  at  the 
meniscus.  With  standard  eight-mm 
glass  tubing  of  one-mm  wall  thick¬ 
ness  Cm  gave  96  divisions  per  centi¬ 
meter  of  mercury  pressure  change. 
This  corresponds  to  0.5  cm  of  mer¬ 
cury  motion  inside  the  sleeve  elec¬ 
trode.  The  sensitivity  of  these  mer¬ 
cury-in-glass  devices  used  with  the 
fc-meter  is  partly  due  to  the  high 
dielectric  constant  of  glass. 

Melacalar  Dipola-MomeRt 
McasMranaRts 

The  dipole  moment  of  ^  sub¬ 
stance  is  a  measure  of  its  molecular 
symmetry,  or  lack  of  it.*’  “  It  repre¬ 
sents  the  part  of  a  dielectric’s  polar¬ 
ization  due  to  orientation  in  the 
electric  field,  and  is  large  for  un- 
symmetrical  molecules  such  as  ni¬ 
trobenzene.  Molecular  dipole-mo¬ 
ment  measurements  have  been  val¬ 
uable  in  determining  the  actual 
structure  of  molecules. 

Molecular  dipole-moment  is  gen¬ 
erally  measured  by  correlating  di¬ 
electric  constants,  densities,  and 
refractive  indices  for  a  series  of 
dilute  solutions  of  the  dipole  sub¬ 


FIG.  5 — ^Tha  liquid  or  powder  whose 
dielectric  constant  Is  to  be  meosured  is 
made  the  dielectric  of  this  concentric 
copacitor  used  as  the  test  cell 


automatically  controlled  by  having 
distillation  receivers  cut  in  at  a 
fixed  value  of  fc. 

Two  samples  of  wheat  flour  of 
known  moisture  content  were  ob¬ 
tained.  One-gram  samples  were 
weighed  to  an  accuracy  of  0.1  per¬ 
cent,  and  fc  measurements  made. 
Sample  A  contained  9.3  percent 
moisture  by  weight;  sample  B, 
12.9  percent.  Sample  B  had  a  di¬ 
electric  constant  0.67  greater  than 
sample  A,  a  difference  of  almost  70 
dial  divisions  for  a  moisture  differ¬ 
ence  of  3.6  percent.  However,  for 
reproducible  results  a  special  cell  is 
needed.* 

Capacitance  Measurements 

Many  small  capacitance  effects 
can  be  detected  and  measured  by 
the  fc-meter.  Some  of  these  are  aca¬ 
demic  and  primarily  used  for  dem-* 
onstration  purposes,  while  others 
have  more  useful  applications. 

The  radius  in  centimeters  of  an 
isolated  metal  sphere  is  equal  to 
0.900  times  its  capacitance  in  micro¬ 
microfarads.  A  sphere  can  be  iso¬ 
lated  for  purposes  of  demonstration 
by  supporting  it  10  or  20  cm  above 
the  instrument  on  a  stiff  wire.  The 
wire  connects  the  sphere  to  the 
high  side  of  the  capacitance  measur¬ 
ing  terminals.  This  principle  has 
been  used  both  to  measure  the  di¬ 
ameter  of  2.0-cm  spheres  to  the 
nearest  0.02  cm  and  to  check  the  lin¬ 
earity  of  the  measuring  capacitors 
by  using  spheres  as  small  4ncre- 
ments  of  capacitance. 

A  very  convincing  demonstration 
of  the  capacitance  effects  of  insula¬ 
tion  and  wire  diameters  can  be  made 
by  using  equal  lengths  of  insulated 
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FIG.  6 — On*  induftriol  opplicertion  oi 
th*  di*l*ctzic-constant  m*t*r  is  to  d*- 
t*rmin*  tb*  condition  of  th*  ebarg*  in  a 
itill  pot.  Tbis  curr*  i*  for  tb*  **para- 
Uon  of  ac*ton«,  toluol,  and  b*nz*n* 
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Automatic  Liquid 


In  an  industrial  electronic  liquid  level  control  system, 
capacitance  changes  produced  in  an  immersion  or  man- 
ometric  capacitor  cause  the  plate  current  of  an  oscilla¬ 
tor  to  change  and  operate  a  relay.  A  pyrometric  control 
system  utilizing  inductance  changes  produced  hy  a 
meter  flag  moving  between  split  coils  is  also  described 
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Typical  industrial  application  of  oscillator  relay  system,  as  installed  in  a 
fuel  tank  to  sense  the  interlace  level  between  water  at  the  bottom  of  the 
tank  and  gasoline  above  the  water,  and  photographic  illustration  showing 
component  parts  of  this  installation.  The  oscillator  relay  here  controls  a 
pump  that  removes  the  water  from  the  bottom  of  the  tank  when  it  rises 
above  a  predetermined  level 


IT  IS  AXIOMATIC  that  before  a  vari¬ 
able  in  an  industrial  process  can 
be  controlled  automatically,  the 
change  in  the  variable  must  first  be 
measured.  The  measuring  instru¬ 
ments  used  for  this  purpose  are 
generally  either  direct  indicating 
or  null  balance  types,  and  incorpor¬ 
ate  the  usual  pointer  and  calibrated 
scale  for  indicating  the  measured 
quantity.  The  measurement  must 
then  be  converted  to  a  control  ac¬ 
tion,  by  adding  a  contact  system  to 
the  pointer  or  by  other  means.  An 
all-electronic  system  has  obvious 
advantages  over  such  electro-me¬ 
chanical  arrangements,  but  a  brief 
analysis  of  contact-making  systems 
will  be  helpful  in  evaluating  pos¬ 
sible  industrial  applications  for  the 
all-electronic  measuring  and  control 
system  to  be  described  in  detail  in 
this  article. 

Types  of  Centacf  Systems 

Direct  electrical  contacting  con¬ 
trol  systems  as  applied  to  sensitive 
measuring  apparatus  have  until  re¬ 
cently  taken  two  differing  general 
design  forms.  One  method  involves 
incorporation  of  a  motor-driven  me¬ 
chanical  detent  mechanism  in  which 
the  position  of  the  indicating 
pointer  is  sensed  Jby  a  mechanical 
clamping  system,  which  in  turn  de¬ 
termines  the  closed  or  open  condi¬ 
tions  of  the  control  contacts.  Such 
systems  introduce  a  delay  in  the 
measuring  response  (since  the 
measuring  element  is  clamped  dur¬ 
ing  the  sensing  interval)  and 
usually  require  the  use  of  a  more 
rugged  measuring  system  to  with¬ 
stand  the  action  of  the  mechanical 
clamping  mechanism. 

A  second  method,  illustrated  in 
Fig.  1,  makes  use  of  an  electrical 
contact  mounted  on  the  moving  ele¬ 
ment  (pointer,  armature,  etc.)  of 
the  measuring  system.  This  con¬ 
tact  engages  a  mating  contact  whose 
position  can  be  preset  to  a  desired 
position  on  the  scale  of  the  instru¬ 
ment.  These  contacts  in  turn  are 
used  to  close  a  circuit  to  a  pilot 
relay  which  controls  the  final  de- 


From  n  pappr  fleliverad  at  the  National 
Electronics  Conference,  Chicago.  1044. 


sired  corrective  function  in  the 
control  system. 

Drawbacks  of  Mechanical  Systems 

Both  the  mechanical  and  electri¬ 
cal  contact  making  methods  entail 
drawbacks  from  the  standpoint  of 


design  as  Avell  as  function.  The 
first  introduces  undesirable  delays 
in  the  system  and  requires  an  en¬ 
hanced  ruggedness  in  the  design  of 
the  measuring  apparatus.  The  sec¬ 
ond  method  sometimes  involves  in¬ 
strument  redesign  since  carrying 
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trie  field  intensity  and  K  is  the  di¬ 
electric  constant  (approximately  1 
for  air).  If  the  contact  areas  are 
assumed  equal  and  close  together, 
the  surface  density  of  charge  a  is 
the  same  on  both  surfaces  and,  by 
Coulomb’s  theorem,  the  intensity 
between  the  surfaces  at  all  points  is 
4  r.  a/K  dynes. 

Now  let  the  surfaces  be  parted 
by  a  small  distance,  S  y,  and  let  P 
represent  the  force  of  attraction, 
in  dynes,  between  the  surfaces. 
Neglecting  the  fringe  effects,  the 
work  done  in  separating  the  con¬ 
tacts  by  this  distance  is  Ply  ergs. 
If  the  area  of  the  contact  surfaces 
be  represented  by  A  sq  cm,  the  in¬ 
crease  in  energy  stored  due  to  the 
increase  in  dielectric  volume  will 
correspond  to  the  work  done,  or 
A^yKF^/Si:  ergs,  from  which  P  — 
AKF*/Sn  dynes.  Since  F  =  V/d, 
the  force  of  attraction  in  dsmes  may 
be  written  in  terms  of  V  and  d  as 
P  =  AKV*/Si:d*  dynes.  If  D  is  the 
pivot-to-contact  distance  on  the 
pointer,  the  disturbing  torque  T 
is  then  equal  to  PD. 

Since  the  potential  V  may  be  sev¬ 
eral  volts  the  forces  acting  upon  the 
measuring  pointer  of  a  sensitive  in¬ 
strument  due  to  the  fields  created 
may  become  a  considerable  frac¬ 
tion  of  the  useful  measuring  torque 
of  the  instrument.  The  usual  de¬ 
sign  torque  values  in  dynes  per 
cm  per  degree  rotation  for  repre¬ 
sentative  moving-coil  instruments 
with  jewel  pivots  and  spiral  springs 
range  from  0.09  to  0.3,  and  the  dis¬ 
turbing  force  can  be  a  considerable 
fraction  of  this  total  available 
force. 

A  similar  analysis  may  be  made 
of  the  second  disturbing  effect.  In 
this  case,  it  will  be  noted  that  the 
dielectric  medium  is  a  film  of  thick¬ 
ness  d  ■=  I  y.  Depending  upon  at¬ 
mosphere,  contact  materials  can 
form  upon  their  faces  a  semi-con¬ 
ducting  film  of  high  dielectric  con¬ 
stant,  having  a  possible  thickness 
of  the  order  of  a  fraction  of  a  mil¬ 
limeter.  Inasmuch  as  the  forces 
present  are  also  a  function  of  the 
dielectric  constant  of  the  film,  such 
forces  may  reach  figures  many 


Immersion  capacitor  designed  for  use  with  oscillator  relay  to  sense  liquid  levels 
in  a  high-pressure  system.  Note  the  heavy  construction  ond  the  lilm-destioying 
corrugations  on  the  protecting  tube 


of  a  contact  upon  the  measuring  ele¬ 
ment  usually  introduces  disturb¬ 
ances  to  the  torque-weight  ratio  of 
the  instrument.  The  small  forces 
available  in  sensitive  measuring 
instruments  introduce  problems  of 
contact  failure  due  to  film  forma¬ 
tion  or  contact  adherence,  and  er¬ 
rors  in  measurement  due  to  elec¬ 
trostatic  fields  present  in  the  neigh¬ 
borhood  of  the  contact  surfaces. 
These  measuring  errors  can  be  an¬ 
alyzed  further  with  reference  to 
Fig.  1. 

A  source  of  electrical  energy  in 
series  with  a  pilot  relay  and  the  con¬ 
tact  system  supplies  energy  for  the 
relay  when  an  upscale  motion  of  the 
pointer  closes  the  contact  system. 
By  means  of  its  contacts,  the  relay 
in  turn  controls  auxiliary  apparatus 
in  the  control  circuit.  Two  major 
force  disturbances  are  present  in 
the  mechanism,  as  follows: 

(1)  The  source  creates  an  elec¬ 
trostatic  field,  and  introduces  an 


attractive  force  between  the  two 
separated  contact  faces  when  in 
close  proximity.  Such  force  creates 
a  false  displacement  of  the  indicat¬ 
ing  pointer  and,  therefore,  causes  a 
measurement  error. 

(2)  With  the  contact  faces  in 
partial  contact  but  separated  by 
some  types  of  surface  films,  a  large 
attractive  force  may  be  present 
which  acts  to  delay  parting  of  the 
contacts  as  the  energy  in  the  meas¬ 
uring  system  falls,  again  introduc¬ 
ing  a  measurement  error. 

Although  the  above-mentioned 
forces  introduce  opposite  effects 
upon  the  instrument,  a  resultant 
force  invariably  exists  to  cause 
measuring  error.  The  extent  of 
these  forces  may  be  seen  from  the 
following:  Let  the  contact  faces 
represent  the  boundary  conductors 
of  an  electrical  capacitance  having 
an  air  dielectric.  The  energy  stored 
per  cubic  centimeter  of  dielectric 
is  KF^/Sn  ergs  where  F  is  the  elec- 


7b  contra/ 
circuit 


FIG.  1 — Basic  anangement  ol  a  mov- 
ing-coU  contacting  instnimont.  whoroin 
the  meter  pointer  carries  a  contact 


FIG.  2 — Tuned  grid,  tuned  plate  oscil¬ 
lator  circuit  used  in  all  types  of  osciUo* 
tor  relay  systems 
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times  in  excess  of  those  obtained 
for  the  dielectric  constants  of  true 
insulators.  In  order  to  reduce  the 
effect  of  these  forces,  many  de¬ 
signers  have  attempted  expedients 
such  as  reducing  the  areas  of  the 
contacts,  reducing  the  potential  V 
(and  therefore  requiring  an  in¬ 
crease  in  sensitivity  of  pilot  re¬ 
lays),  and  changing  the  relative 
areas  of  the  contact  faces  with  re¬ 
spect  to  each  other  or  the  relative 
shapes  of  the  contacts.  However, 
these  expedients  do  not  eliminate 
the  force  disturbances,  but  only  re¬ 
duce  their  effect  with  a  resultant 
required  compromise  between  al¬ 
lowable  disturbance  error  and  de¬ 
sired  sensitivity. 

These  problems  in  the  design  of 
sensitive  contact-making  instru¬ 
ments  have  resulted  in  compro¬ 
mises  which  usually  have  limited 


FIG.  3 — OicUlator  relay  circuit  in  which 
movement  of  a  non-ferrous  metal  flag 
into  or  out  of  a  pair  of  coils  affects 
oscillator  operotion  sufficiently  to  actu¬ 
ate  a  relay 


FIG.  4 — Two  views  of  the  control  moss 
and  coils  used  in  the  oscillator  relay 
system,  with  basic  equations  for  induc¬ 
tance  and  r-f  resistance  of  the  moving 
flog  ottoched  to  the  meter  pointer 


the  application  of  such  apparatus. 

The  advent  of  the  electronic  os¬ 
cillator  mechanism  as  a  relay  de¬ 
vice  has  made  possible  a  new  ap¬ 
proach  to  such  design  problems, 
and  made  practical  an  instrument 
relay  which  has  demonstrated  many 
advantages  over  the  earlier  con¬ 
tact-making  devices. 

Dsseription  of  Oscillator  Relay 

The  basic  circuit  of  the  oscil¬ 
lator  type  relay,  functioning  at  a 
frequency  of  approximately  15 
megacycles,  is  given  in  Fig.  2.  It 
is  a  tuned  plate,  tuned  grid  circuit, 
due  to  Kuhn-Huth,  in  which  parallel 
resonant  circuits  L,  Ci  and  La  C,  are 
placed  respectively  in  the  plate  and 
grid  circuits.  Sustained  oscilla¬ 
tions  are  produced  through  the  in¬ 
terelectrode  grid-plate  capacitance 
of  the  tube  when  the  plate  and  grid 
tanks  are  both  resonant  at  approxi¬ 
mately  the  same  frequency.  Under 
these  conditions,  the  steady  plate 
current  is  at  some  low  value  based 
upon  the  strength  of  oscillations, 
and  the  negative  value  of  bias  ap¬ 
plied  to  the  grid  due  to  the  presence 
of  the  grid  leak  and  capacitor. 

If  one  of  the  resonant  circuits  is 
detuned,  the  strength  of  oscilla¬ 
tions  is  considerably  decreased  or 
halted  entirely,  with  the  consequent 
disappearance  of  grid  bias  and  rise 
in  plate  current.  By  properly  choos¬ 
ing  circuit  components,  applied 
voltages  and  tube  characteristics, 
it  is  possible  to  produce  large 
changes  in  plate  current  with  small 
departures  from  resonance. 

Since  either  the  grid  or  the  plate 
tank  may  be  deresonated  or  re¬ 
resonated  by  a  chaiTge  of  induc¬ 
tance  or  capacitance  in  the  proper 
direction,  a  variety  of  control 
methods  by  change  of  either  in¬ 
ductance  or  capacitance  is  avail¬ 
able,  with  consequent  control  of 
plate  current.  By  introducing  an 
electromagnetic  contact-making  re¬ 
lay  into  the  plate  circuit,  the  plate 
current  change  may  be  made  to  per¬ 
form  a  useful  function. 

Application  of  Oscillator  Roloy 

The  circuit  of  Fig.  3  permits  the 
inductance  Li  to  be  rapidly  altered 
by  the  motion  of  a  metallic  control 
mass  attached  to  the  pointer  of  a 
sensitive  measuring  instrument. 


The  modification  involves  replac¬ 
ing  the  grid  coil  of  Fig.  2  with  the 
split  inductances  La  and  Lt.  Ca¬ 
pacitor  Cl  has  been  eliminated  since 
the  inductances  are  resonated  by 
their  distributed  capacitance,  as 
has  been  described  by  Lorentz. 

The  control  mass  in  most  indus 
trial  forms  of  the  apparatus  takes 
the  form  of  a  light  non-ferrous 
metal  foil  flag,  usually  of  alum¬ 
inum,  rigidly  attached  to  the 
pointer  of  the  instrument.  Be¬ 
cause  of  the  small  sizes  of  such 
flags  (0.002  X  0.375  X  0.750  inch), 
their  weights  have  little  disturbing 
effect  upon  the  torque-weight  ratios 
of  sensitive  measuring  equipment. 
The  inductances  L.  and  L»  are 
positioned  at  either  side  of  the  axis 
of  motion  of  the  flag  in  such  a  man¬ 
ner  that  the  metal  flag  may  pass 
between  these  inductances  without 
touching  them.  The  introduction 
of  the  metal  flag  between  these  in¬ 
ductances  reduces  their  inductance 
and  increases  their  effective  resis 
tance. 

The  Control  Inductance 

To  obtain  large  changes  in  plate 
current  A/,  with  small  changes  in 
pointer  position,  A/p/Ao]/,  it  is  de¬ 
sirable  that  the  inductance  change 
with  flag  motion  be  as  large  as  pos¬ 
sible.  One  method  of  attaining  such 
a  condition  is  to  concentrate  the 
inductance  in  as  small  a  geometri¬ 
cal  volume  as  possible,  consistent 
with  the  design  of  an  effective  in¬ 
ductance  and  allowable  space  con¬ 
siderations.  A  good  form  for  such 
inductances  is  the  plane  spiral, 
'sometimes  termed  a  pancake  coil. 

Effect  of  Flag  on  Inductance 

A  rapid  decrease  in  the  total  in¬ 
ductance  and  an  increase  in  the 
effective  resistances  of  the  induc¬ 
tances  will  occur  when  the  metal 
flag  passes  between  the  two  coils. 
The  reduction  of  the  effective  in¬ 
ductance  and  increase  of  resistance 
depend  upon  the  frequency  and  the 
electrical  constants  of  the  flag  ma¬ 
terial.  The  decrease  in  inductance 
is  due  to  the  fact  that  the  introduc¬ 
tion  of  a  non-ferrous  metal  body 
into  the  alternating  field  of  the  in¬ 
ductance  causes  an  induced  alter¬ 
nating  current  flow  within  the 
metal  body.  These  currents  set 
up  a  field  opposing  the  inductor 
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FIG«  5— Oscillator  relay  circuit  aTran9ed  for  operotion  from  a  power  trans¬ 
former  energised  by  the  a-c  power  line  ond  having  three  separate  secondary 
windings  providing  a-c  voltages  £„  £a.  and  £3 


geld,  with  a  consequent  change  in 
effective  coil  in^i^ance  and  a  re¬ 
sultant  decrease  in  inductance. 

If  La  and  L»  are  control  induc¬ 
tances,  the  total  inductance  L,  — 
La  +L„  -I-  2  M,  where  M  =  mutual 
inductance.  Consider  the  flag  as  a 
short-circuited  single-turn  second¬ 
ary  of  a  transformer  operating  at  a 
frequency  of  15  megacycles.  If  I 
is  the  current  in  the  coils  at  a  fre¬ 
quency  a)/27t,  and  the  induced  emf 
in  the  flag  is  Ep  =  oiMJ,  the  in¬ 
duced  flag  current  is  h  =  Ep/Zr  = 
ii>MJ/Zp.  Since  Ip  lags  Ep  by  the 
phase  angle  6,  the  reactive  compon¬ 
ent  of  flag  current  Ip  is  Ip  sin  6 
and  is  180°  behind  7.  The  voltage 
induced  in  the  coils  due  to  Ip  sin  9 
laELfK)  =  (wMo)  /  sin  0  =  <i>L,  (w 
M^/\Zp\)*,  and  the  total  reactive 
voltage  in  the  coils  is  [wL,  —  a)L, 
(<jiMo/\Zp\y]I.  The  inductance 
change  with  flag  entry  is  AL,  = 
-Lp(u)Mo/\Z p\y,  with  Lp  being  as 
defined  in  Fig.  4. 

The  energy  involved  in  the  cir¬ 
culation  of  the  induced  eddy  cur¬ 
rents  must  be  drawn  from  the  in¬ 
ductor  fiald  and,  therefore,  an  ap¬ 
parent  increase  in  the  effective  re¬ 
sistance  of  the  inductor  is  obtained. 
The  induced  current  h  lags  Ep  by 
the  angle  6,  and  tan  9  —  caLr/Rp. 
The  active  component  of  h  is  in 
phase  with  Ep,  and  so  Ip  cos  9'  = 
(loMo)  IRp/\Zp\*.  The  voltage  in¬ 
duced  in  the  coils  by  Ip  cos  9  is  Ip 
fcos  9)  (wMo)/  and  El(A)  =  IRp 
(uil7«/|Z,|)*.  Since  Ei.(^)  lags  /  by 
180°,  it  can  be  considered  resistive 
voltage  drop  and  ICcdMo/IZ,]*  rep¬ 
resents  ^Rl,  the  increase  in  the 
high-frequency  resistance  of  the 
coils. 

Both  the  decrease  in  inductance 
wd  increase  in  effective  resistance 
introduce  control  effects  upon  the 


oscillator  in  the  direction  required 
for  obtaining  large  changes  in  the 
plate  current,  because  the  induc¬ 
tance  change  de-resonates  the  sys¬ 
tem  and  the  increase  in  resistance 
reduces  resonant  energy. 

Possible  Disturbing  Forces 

The  flow  of  high-frequency  alter¬ 
nating  current  through  inductances 
La  and  L»  gives  rise  to  both  an  elec¬ 
tromagnetic  and  electrostatic  field 
in  their  vicinity.  Since  both  these 
fields  are  a  function  of  the  current 
and  potential  in  these  inductances 
it  is  conceivable  that  some  dis¬ 
turbing  forces  might  be  present  to 
act  upon  the  control  flag  and  the 
instrument  pointer  to  which  it  is 
attached.  The  introduction  of  a 
conductive  non-ferrous  metal  flag 
into  the  magnetic  field  of  the  total 
inductance  L,  involves  a  repulsion 
phenomena  due  to  eddy  current  in¬ 
duction  in  the  metal  flag,  while  in¬ 
duced  electrostatic  charges  on  the 
flag  due  to  the  electrostatic  field 
may  introduce  some  attractive 
force.  However,  the  energy  levels 
are  exceedingly  minute  and  such 
disturbing  effects  are  negligible. 
However,  minute  as  these  forces 
may  be,  it  may  be  of  some  interest 
to  mention  the  reason  for  their 
presence. 

Electromagnetic  Repulsion  Effect 

If  a  non-ferrous  metal  ring  or 
disc  is  present  in  an  alternating 
magnetic  field  and  is  in  such  posi¬ 
tion  with  respect  to  the  field  that 
the  lines  of  force  pass  through  the 
disc,  an  alternating  potential  will 
be  set  up  in  the  disc  which  is  90 
degrees  in  phase  displacement  from 
the  magnetic  flux.  This  potential  in 
turn  causes  a  current  flow  in  the 
material  which  sets  up  a  reactive 


field  which  exerts  a  force  tending 
to  move  the  material  in  the  mag¬ 
netic  field.  Such  a  force  is  propor¬ 
tional  in  magnitude  and  direction  to 
the  product  of  the  corresponding 
instantaneous  values  of  current  and 
flux.  The  force  for  any  period  is 
equal  to  the  average  of  the  instan¬ 
taneous  forces  during  the  period. 
If  the  disc  has  no  self-inductance, 
the  current  would  be  in  quadrature 
with  the  inducing  flux  and  the  aver¬ 
age  forces  during  alternate  quar¬ 
ter  periods  would  be  equal  but  in 
opposite  directions;  thus  the  aver¬ 
age  force  during  the  whole  period 
would  be  zero  and,  therefore,  the 
disc  would  have  no  tendency  to  move 
in  the  field. 

However,  in  actuality  even  a  flat 
metal  sheet  has  some  inductance, 
and  the  induced  current  would 
therefore  lag  behind  the  induced 
voltage.  The  current  phase,  there¬ 
fore,  would  be  more  than  90  deg  be¬ 
hind  the  magnetic  phase,  and  a 
summation  of  instantaneous" forces 
during  a  half  period  would  reveal 
a  larger  average  force  than  the  in¬ 
stantaneous  force  summation,  hav¬ 
ing  a  finite  negative  value  in  the 
alternate  period.  The  result  is  a 
small  repulsive  component  between 
the  two  fields. 

Thus,  if  the  flag  is  threaded  by 
flux  MIo  sin  lot  due  to  current  /#  sin 
lot  in  the  coils,  the  induced  emf  in 
the  flag  is  Ep  =  sin  (lot  — 


FIG.  8 — Eiioct  oi  flag  troraL  flog  shop* 
and  us*  of  r*g*n*ratlon  on  plot*  cur* 
r*nt  of  an  oscillator  r*loy  systsm 
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electrostatic  Held,  the  introduction 
of  a  metal  flag  into  the  field  of  the 
inductors  may  cause  the  formation 
of  induced  electrostatic  charges  on 
the  flag  surfaces.  Such  charges,  if 
different  in  sign  from  charges  pres¬ 
ent  upon  the  plane  faces  of  the  in¬ 
ductances,  may  introduce  slight  at¬ 
tractive  forces.  By  insuring  that 
the  metal  flag  surface  is  at  the  same 
potential  level  as  the  inductance 
surface  by  an  appropriate  leakage 
resistor  network  and  proper 
grounding,  the  slight  effect  of  such 
induced  electrostatic  charges  is 
eliminated. 

Force  measurements  on  delicately 
balanced  instruments,  involving 
both  the  repulsion  forces  present 
due  to  the  high-frequency  electro¬ 
magnetic  fields  and  the  slight  forces 
due  to  electrostatic  charges,  have 
been  measured  in  a  number  of 
cases.  The  results  obtained  indi¬ 
cate  that  such  apparatus  may  be 
used  in  conjunction  with  measur¬ 
ing  equipment  whose  torques  are  in 
the  order  of  O.OS  dyne  per  cm  per 
degree  without  introducing  detri¬ 
mental  disturbing  forces. 


FIG.  7 — Schematic  diagram  showing  orrangomont  of  basic  elements  of  an 
osciUator  relay  system,  with  connectioiu  to  a  pyromotic  control  system 
shown  os  a  typicol  opplication 


jt/2) .  Now  E,  lags  /,  by  90  deg  and, 
if  flag  inductance  L,  is  neglected, 
the  flag  current  I,  and  flag  emf  E, 
will  be  in  phase,  and  /jp«ilf(o/«8in 
(o)<  —  it/2).  The  force  between  the 
two  currents  will  then  be  propor¬ 
tional  to  the  product  There¬ 
fore,  the  force  oc  Mail* sin  o>t sin 
(cat  —  w/2) .  It  will  be  seen  that  the 
mean  of  quantity  sin  tot  (sin  tot  — 
ti/2)  is  zero  where  harmonic  com¬ 
ponents  differ  in  phase  by  90  deg. 
Therefore,  if  L,  =  0  the  mean  force 
=  0.  However,  L,,  although  small, 
can  never  reach  zero,  and  I,  lags 
behind  /•  by  more  than  90  deg.  Un¬ 
der  these  conditions,  force 
sin  (ot  sin  (tot  —  w/2  —  9)  and  « 

{Mult  sin*  dA  cos  (x/2  +  fl)]  — 

2^*  sin  2  cof  sin  (x/2  +  fl)  J 

The  mean  value  of  the  last  term  is 
zero,  while  the  mean  value  of  the 
flrst  term  =  i  Afto/^  cos  (11/2  +  9). 
Since  the  computed  value  of  cos 
(ic/2  +  9)  is  negative  when  9  is 
small,  the  force  upon  flag  is  repul¬ 
sive,  the  flag  experiencing  a  re¬ 


pulsive  impulse  once  for  each  cycle. 

Because  the  energy  present  in 
the  inductance  is  minute,  the  re¬ 
pulsive  forces  are  negligible.  The 
small  disturbing  force  possibly 
remaining  acts  perpendicular  to  the 
plane  of  the  flag  and  is  hence  inef¬ 
fectual. 

Because  it  is  not  possible  to  have 
the  existence  of  an  electro-magnetic 
field  without  the  presence  of  an 


iNdHftriol  Vxrsien  of  Cireait 

For  industrial  use  the  oscillator 
relay  circuit  has  been  rearranged 
as  shown  in  Fig.  6,  for  operation 
directly  from  an  a-c  power  line. 
The  split  inductance  L.-L»  and  the 
plate  tank  circuit  L,-Ct  are  the 
same  as  in  Fig.  3,  but  energy  for 
the  plate  circuit  of  the  oscillator  is 
now  supplied  by  a  secondary  wind¬ 
ing  of  a  transformer  serving  as 
source  E^. 

When  the  oscillator  has  been 
resonated,  oscillation  will  occur  doe 
to  the  coupling  inherent  in  the  in- 


dielectric 


electrolyte 


FIG.  8 — Method  of  utilizing  a  monometric  capacitor  ior  leTol-seneing  purposes 
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TABLE  I.  DIELECTRIC  CONSTANTS  OF  MATERIALS 


MATERIAL 


DIELECTRIC 

CONSTANT 

K 


asphalt  _ 

EBONITE  _ 

GLASS,PLINT _ 

marble, CARRARA  _ 

MICA _ 

PARAFFIN  _ 

PORCELAIN, HARO _ 

QUARTZ  _ 

SHELLAC  _ 

SUL  PHU  R,  AMOR  PHOUS 


MATERIAL 


DIELECTRIC 

CONSTANT 

K 


AIR  _ 

ACETIC  ACID _ 

ALCOHOL  AMYI _ 

ALCOHOL  ETHYI _ 

CARBON  BISULPHIDE. 

GLYCERINE  _ 

CASTOR  Oil _ 

OLIVE  Oil _ 

PHE  NOI _ 

WATER  _ 


I.000S90 

9,7 

17.4 

44.3 

2.626 

S6.2 

4.67 
3.11 

9.68 
81.07 


ter-electrode  capacitance  between 
grid  and  plate  during  every  positive 
swing  of  the  a-c  supply  of  the  plate 
circuit.  Capacitor  C»  bypasses  r-f 
I  energy  around  load  and  source  E^. 
The  steady  plate  current  condition 
due  to  the  grid  bias  produced  by 
prid  resistor  flows  through  oscil¬ 
lator  plate  coupling  resistor  R. 
Since  the  steady  plate  current  com¬ 
ponent  in  the  oscillator  plate  circuit 
can  never  reach  zero,  no  matter 
what  the  intensity  of  oscillation,  a 
compensating  bias  is  supplied  at  E, 
to  offset  the  normal  drop  across 
load  resistor  R  due  to  oscillator 
minimum  plate  current  at  reso¬ 
nance. 

The  effective  bias  attained  on  the 
grid  of  the  amplifier  stage  is,  there¬ 
fore,  the  algebraic  sum  of  E,  and 
Eg.  During  the  time  that  the  plate 
potentials  are  in  the  positive  por¬ 
tions  of  the  applied  a-c  cycle,  the 
effective  bias  on  the  grid  of  the 
amplifier  section  is  approximately 
aero,  with  a  consequent  high  aver¬ 
age  plate  current  in  the  second 
stage.  This  plate  current  main¬ 
tains  the  relay  in  a  preset  contact 
position.  Capacitor  C*  across  the 
felay  furnishes  energy  to  the  relay 
'Iwing  the  negative  portion  of  the 
cycle,  and  thus  prevents  chatter. 
From  the  standpoint  of  design 
simplicity,  the  introduction  of 
the  direct-coupled  amplifier  stage 
fmnlts  in  greatly  increased  over- 
sD  sensitivity  with  the  obvious 
sivantage  of  attaining  reasonably 
hrge  plate  current  levels  for  the 
operation  of  a  high-wattage  relay 
®echani8m.  For  convenience,  a 
'i'sal  triode  is  used  for  the  oscillator 
amplifier. 

The  bias  return  for  the  oscillator 


Mi 


rent  differential,  and  properly  po¬ 
sitioning  such  a  relay  characteris¬ 
tic  on  curve  A,  such  as  at  di,  an  ex¬ 
tremely  small  flag  motion  will 
change  the  contact  condition.  In 
fact,  oscillator  relay  mechanisms  of 
this  type  are  possible  in  which 
changes  of  flag  position  of  the  or¬ 
der  of  0.0001  inch  cause  a  change 
in  plate  current  from  cut-off  to 


maximum. 


grid  circuit  is  taken  .through  bias 
resistor  R,  from  a  tap  on  the  relay. 
The  effect  of  the  introduction  of 
such  regeneration  is  to  cause  large 
changes  in  bias  on  the  oscillator 
due  to  plate  current  changes 
through  the  relay,  and  since  the  di¬ 
rection  of  bias  change  is  that  re¬ 
quired  to  augment  the  trend  of 
amplifier  plate  current  change, 
small  changes  in  flag  position  initi¬ 
ate  large  changes  in  plate  current. 

The  effect  of  flag  travel  on  plate 
current  is  shown  in  Fig.  6  for  a 
rectangular-shaped  flag  used  with 
regenerative  bias  (curve  A)  and 
with  fixed  bias  (curve  D)  obtained 
by  connecting  the  bias  resistor  to 
the  cathode.  Within  limits,  the  con¬ 
tour  of  these  curves  may  be  modi¬ 
fied  by  properly  shaping  the  flag 
areas  and  by  changing  the  geom¬ 
etry  of  the  control  inductances  L. 
and  L»;  curves  B  and  C  are  ex¬ 
amples. 

By  making  use  of  a  steep  charac¬ 
teristic  such  as  curve  A,  with  a  re¬ 
lay  having  a  small  operating  cur- 


R*lay  OpwratioR 

The  relay  characteristic  (operat¬ 
ing  differential)  is  customarily 
chosen  to  permit  operation  to  take 
place  at  approximately  the  mid¬ 
point  of  the  plate  current  charac¬ 
teristic.  This  insures  long-term 
functioning  despite  changes  in  tube 
life.  Ageing  of  the  tube  and  reduc¬ 
tion  in  emission  lowers  the  maxi¬ 
mum  plate  current  and  causes  a 
small  upward  creepage  of  minimum 
plate  current.  Furthermore,  choos¬ 
ing  midpoint  operation  permits  re¬ 
lay  operation  on  a  relatively  linear 
portion  of  the  plate  current  char¬ 
acteristic.  This  type  of  operation 
is  of  greater  significance  where  the 
oscillator  mechanism  is  to  be  used 
for  a  positioning  function. 

The  change  in  plate  current  may 
be  positive  or  negative  with  flag 
motion,  depending  upon  the  posi¬ 
tioning  of  plate  tank  capacitor  C,  in 
Fig.  5.  By  resonating  the  oscillator 
with  the  flag  all  the  way  out  of  the 
coils,  a  high  plate  current  is  ob¬ 
tained  in  the  amplifier  plate  circuit. 
Upon  entry  of  flag  into  the  coils, 
the  oscillator  is  de-resonated  and 
plate  current  through  the  relay 
drops. 

In  some  cases,  a  reversal  of  this 
operation  is  desirable.  This  may  be 


TAv.-j  h 


Installation  where  tank 
walls  affect  immersion  capacitor 


Effect  of  tank 
walls  is  negligible 


Film-destr<ylng 
corrugation  on  glass  tube 


FIG.  9 — Use  of  immersion  capacitor  for  leTel-sensing  applications 
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I  obtained  by  adjusting  capacitor  C» 

80  the  oscillator  is  de-resonated  and 
:  '  plate  current  in  the  amplifier  stage 

j  is  positioned  on  the  lower  edge  of 

the  resonance  curve  skirt  (proper 
!  side)  with  the  flag  removed  from 

s  coils  L,-Lt.  Upon  flag  entry  into 

the  coils,  the  oscillator  is  resonated 
by  the  inductance  change  and  plate 
current  through  the  relay  rises. 

Thus,  in  the  former  case  relay 
current  falls  with  flag  motion  into 
the  coils,  while  in  the  latter  case 
relay  current  rises  with  flag  motion 
into  the  coils. 

I  Fail'Saf*  aad  Stability  Features 

f  The  former  method  is  the  one 

commonly  preferred  where  the  ap- 
^  paratus  is  supplied  for  automatic 

control  function,  since  a  failure  of 
line  supply  leaves  the  contact  sys¬ 
tem  of  the  relay  in  open  condition 
and  thus  leaves  the  controlled  ap- 
{  paratus  in  de-energized  condition. 

The  stability  of  circuits  of  this  type 
is  unusually  good  since  they  are  to 
'  a  great  extent  self-damping  from 

the  standpoint  of  spurious  oscilla¬ 
tions,  and  are  also  to  a  certain  ex¬ 
tent  self-compensating  for  line  volt¬ 
age  changes. 

As  an  example,  consider  an  in¬ 
crease  in  line  voltage  to  the  trans- 
I  former  supplying  the  voltages 

E„  and  jF#.  Normally,  one  would  ex¬ 
pect  the  increase  in  line  voltage  to 
increase  the  plate  currents  in  the 
;  tube  plate  circuits.  However,  an 

I  increase  in  plate  current  in  the  first 

I  stage  increases  the  negative  bias 

of  the  amplifier  stage,  with  a  re¬ 
sultant  counteracting  effect  upon 
the  tendency  to  an  increase  in  plate 
current  in  the  second  stage.  The 
‘  self-compensation  in  these  circuits 

I  is  usually  in  the  order  of  10  per¬ 

cent  in  plate  current  change  for  the 
usual  line  voltage  extremes  met 
^  with  in  practice.  With  some  sacri¬ 

fice  in  sensitivity,  the  compensa¬ 
tion  effect  may  be  improved  to  ap¬ 
proximately  6  percent.  Where  ex¬ 
tremely  good  regulation  is  required 
(in  the  order  of  2  percent),  a  sim¬ 
ple  regulating  system  may  be  added 
to  the  circuit. 

industrial  Version 

A  partly*  exploded  view  of  an  in- 
{  dustrial  oscillator  relay  instrument 

!  is  shown  in  Fig.  7.  The  pointer  car- 

j  ries  the  control  flag,  and  the  control 


FIG.  10 — Typical  tuning  curre  for  os- 
dllotor  relay 


ranging  from  automatic  control 
pyrometers  to  galvanometer  torque 
amplifiers,  there  is  another  major 
class  of  applications.  In  this  class, 
the  mechanism  senses  a  condition 
change  in- a  process  directly,  rather 
than  through  the  intermediary 
means  of  a  measuring  instrument. 
An  example  of  such  is  its  use  as  a 
materials  level  sensing  mechanism. 


coils  are  mounted  on  a  lever  which 
may  be  manually  set  to  any  desired 
scale  position.  A  level-indicating 
pointer  shows  the  coil  position  at 
which  contacting  is  to  occur.  A 
pointer  stop  mounted  on  the  setting 
lever  prevents  the  pointer  from 
moving  too  far  beyond  the  setting 
level,  as  this  would  allow  the  flag 
to  pass  completely  through  the  field 
of  the  control  coils  and  destroy 
normal  functions  of  the  control 
mechanism.  Flexible  leads  bring 
energy  to  the  control  coils  from  the 
oscillator  system. 

The  apparatus  of  Fig.  7  is  shown 
adapted  to  a  pyrometric  control 
system  in  which  the  electrical 
measuring  instrument  is  a  milli- 
voltmeter  energized  from  a  ther¬ 
mocouple  heated  in  the  furnace. 
The  heater  elements  of  the  furnace 
are  energized  through  the  relay 
contacts. 

Although  one  of  the  major  indus¬ 
trial  uses  of  the  oscillator  relay 
mechanism  just  described  is  as  an 
instrument  relay  in  applications 


Materials  Level  Sensing 

In  many  industries  the  sensing 
of  materials  level  in  storage  tanks 
is  an  important  problem.  These 
tanks  may  be  a  portion  of  a  reserve 
storage  system  such  as  is  common 
in  petroleum  fields,  or  may  be 
portion  of  a  complete  processing! 
plant  in  which  the  levels  vary  con-[ 
stantly  as  the  product  is  added  or 
subtracted  from  the  process.  The 
types  of  materials  encountered  in 
modern  industry  range  from  hy¬ 
drous  and  anhydrous  mixtures  and 
compounds  to  highly  corrosive 
fluids  such  as  acids  and  alkalis. 

The  most  frequent  and  simplest 
mechanism  met  with  in  these  prob¬ 
lems  is  a  float  which  is  introduced 
into  the  storage  container,  andl 
whose  position  is  a  function  of  the! 
materials  level.  Since  the  float  posi 
tion  must  in  turn  be  translated  to  a 
useful  result  exterior  to  the  storage 
container,  a  translating  mechan 
ism  is  included  which  in  some  cases 
takes  the  form  of  a  mechanical 
transmitter  (shaft  and  stuffing  box, 
or  diaphragm  seal)  or  a  pneumatic! 
or  hydraulic  transmission  systen^ 
(flapper  valve  or  pilot  relay) 
These  intermediary  mechanisnul 
in  turn  control  the  position  of  a  re-j 
motely  situated  valve  or  an  indi 
eating  or  recording  mechanism,  asj 
dictated  by  the  problem  require 
ment. 


FIG.  11 — Oscillator  roloy  circuit  adopted  for  liquid-level  sensing  operadoB 
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Unfortunately,  the  wide  range  of 
materials  conditions  to  which  these 
float-type  devices  are  applied,  com¬ 
plicated  with  such  factors  as  chem¬ 
ical  attack,  mechanical  erosion  and 
friction,  high  temperature  and  high 
pressure  conditions,  have  made 
these  mechanisms  prone  to  a  va¬ 
riety  of  service  failures,  unless 
they  are  constructed  with  such  care 
and  attention  to  detail  in  view  of 
the  conditions  to  which  they  are  ex¬ 
posed,  as  'to  make  their  cost  and 
upkeep  disproportionately  high. 

Materials  usually  stored  in  a 
liquid  or  solid  state  may  have  elec¬ 
trical  conducting,  semi-conducting 
or  electrical  insulating  properties. 
That  is,  they  may  be  termed  elec¬ 
trolytes,  dielectrics,  or  partials. 
These  materials,  therefore,  may  be 
used  to  vary  the  capacitance  of  an 
electrical  capacitor  by  allowing 
them  to  become  a  portion  of  the 
capacitor  structure. 

Capacitance  Considerations 

The  capacitance  of  a  simple  air 
dielectric  capacitor  having  two 
parallel  metal  plates  is  directly  pro¬ 
portional  to  the  dielectric  constant. 
Thus,  Co  =  AK/47:D  esu,  where  K 
is  the  dielectric  constant  (approx. 

1  for  air),  A  is  the  area  of  a  plate 
in  sq  cm  and  D  is  the  distance  be¬ 
tween  inner  surfaces  in  cm.  (1  esu 

=  1.11  IXflf.) 

If  we  replace  the  air  dielectric 
by  a  new  dielectric  medium  having 
a  higher  value  of  K,  the  capacitance 
will  be  increased.  Obviously,  such 
a  capacitance  method  is  only  accep¬ 
table  where  the  new  medium  is  a 
true  dielectric.  If  the  new  material 
is  a  good  conductor  (electrolyte)  no 
charge  could  be  present  in  the  ca¬ 
pacitor.  However,  we  may  insulate 
the  plates  with  a  dielectric  film, 
whereupon  if  fringe  effects  are 
neglected  the  capacitance  in  esu  is 
given  by  C,  =  AKr/iit(Dr  D,), 
where  Kt  =  dielectric  constant  of 
films  (values  for  some  common  liq¬ 
uids  are  given  in  Table  I),  and  Dt  = 
Dt  =  thickness  of  films  in  cm  (uni¬ 
form)  . 

If  the  new  electrolyte  medium  is 
allowed  to  rise  between  the  capaci¬ 
tor  plates  to  some  distance  L,  the 
capacitance  increase  becomes  ap¬ 
proximately  a  measure  of  the 
height  of  the  medium  between  the 
plates. 


The  level-sensing  capacitors 
usually  take  either  of  two  design 
forms.  One  form  consists  of  a  pair 
of  partial  cylindrical  metal  seg¬ 
ments  clamped  geometrically 
around  the  circumference  of  a 
manometer  column  of  glass  or  plas¬ 
tic  tubing,  where  liquid  level  is 
taken  by  manometric  means. 

The  second  form  consists  of  a 
capacitor  element  within  a  non- 
metallic  protecting  tube,  mechan¬ 
ically  designed  for  immersion  in 
storage  containers  under  high  pres¬ 
sure  and/or  temperature. 

The  manometric  capacitor,  vari¬ 
ous  forms  of  which  are  illustrated 
in  Fig.  8,  functions  under  two  con¬ 
ditions:  (1)  The  medium  in  the 
manometer  is  a  dielectric;  (2)  The 
medium  is  an  electrolyte. 

If  the  liquid  is  a  dielectric,  the 
empty  capacitance  in  esu  is 


C«  = 


WL  1 

f,  ,  I2r,  -  (r, -f  r,T/6)P> 
1  3(r, +r.T/6)*  } 

1 

4x 

rn(n  +  r,/6)-(r-l-rT/6)1 

+ 

rr-l-rT/6-1 

L'  Kt  J 

1  Ki  } 

where  L  >»  length  of  plates,  cm 

W  »  width  of  plates,  cm  (2wi2i/3  at 
manometw  surface) 

Ki  =  dielectric'constant'of  Mi  (medi¬ 
um  in  empty  column,  usually 
lur) 

Ki  »  dielectric  constant  of  Mj  (liquid 
medium) 

Kt  =  dielectric  constant  of  Mt  (about 
6  for  glass) 

r  =*  inner  radius  of  manometer 
column,  cm 

n  —  outer  radius  of  manometer 
column,  cm 

With  the  column  filled  (plates 
topped),  Ki  increases  to  Kt  and  Co 
becomes  Ci. 

If  the  liquid  is  an  electrolyte 
(conductor)  the  empty  capacitance 
will  be  the  same  as  above,  while 
with  the  column  filled  the  capaci¬ 
tance  in  esu  will  be  Ci  =  WLKt/^r, 
[2(ri  —  r)].  Upon  recession,  many 
electrolytes  with  high  surface  ten¬ 
sion  may  leave  a  conducting  film  on 
the  interior  surface  of  the  column 
and  this  may  disturb  the  capaci¬ 
tance  measurement.  The  use  of  a 
nonionic  agent  on  the  interior  sur¬ 
face  of  the  column  prevents  wetting 
and  film  formation. 

In  al!  the  above  cases  we  may 
consider  the  capacitance  to  vary 
between  Co  and  Ci,  and  neglecting 
edge  fringing  field  effect,  the  ca¬ 
pacitance  variation  between  the 
limits  Co  and  Ci  will  be  a  function 
of  Li,  the  height  of  the  liquid  be¬ 
tween  the  plates. 


In  the  level-sensing  capacitors 
of  Fig.  9,  the  conditions  of  func¬ 
tioning  are  again  two-fold ;  i.e.,  the 
media  may  be  either  dielectric  or 
electrolyte. 

Th«  Immarsien  Capacitor 

In  both  immersion  units,  the  ca¬ 
pacitance  change  again  takes  place 
between  the  limits  Co  and  Cx,  while 
the  capacitance  is  again  a  function 
of  Lx,  the  height  of  the  liquid  in 
the  area  of  the  sensing  plate. 

When  immersion  capacitors  are 
used  with  electrolytes,  recession  of 
liquid  sometimes  leaves  a  conduct¬ 
ing  film  on  the  surface  of  the  pro¬ 
tecting  tube.  Such  a  film  can  dis¬ 
turb  the  capacitance  measurement. 
By  corrugating  the  outer  surface 
of  this  tube  as  shown  at  the  right 
in  Fig.  9,  such  films  are  broken 
up  as  the  liquid  recedes.  The 
change  in  capacitance  is  still  a 
function  of  the  height  of  liquid  in 
the  area  of  the  sensing  plate. 

Capacitance-Measuring  Relay 

The  oscillator  relay  mechanism 
is  ideally  suited  for  sensing  the 
change  in  capacitance  of  the  level¬ 
sensing  capacitors  in  a  liquid  or 


Hg.  12 — Industrial  manometric  capac¬ 
itor  clomped  on  manometer  tube  (upper 
left)  and  iunction  box  ior  connecting 
flexible  to  semi-ilexible  coaxial  trans¬ 
mission  line 

materials  level  control  system.  The 
oscillator  relay  may  be  either  de- 
resonated  or  ^resonated  by  the 
change  in  capacitance  produced  by 
a  change  in  level.  The  overall  sensi¬ 
tivity  to  capacitance  change  is  the 
ratio  of  the  plate  current  change  to 
the  capacitance  change. 

In  Fig.  10  is  illustrated  a  t3rpical 
tuning  curve  of  an  oscillator  relay, 
in  which  AC  represents  the  critical 
capacitance  change  of  a  level-sens- 
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ing  capacitor  with  media  of  low  di¬ 
electric  constant.  By  proper  design 
of  the  sensing  capacitors,  the  ratio 
A/,/AC  may  be  made  a  constant  for 
liquids  of  widely  varying  dielectric 
and  conductive  properties.  Con¬ 
versely,  AC/ALi  becomes  a  constant 
for  media  of  widely  varying  prop¬ 
erties. 

Liquid  l■t•rfae•  Sentinq 

An  interesting  application  of 
capacitive  level-sensing  systems  is 
the  sensing  of  the  position  of  the 
interface  boundary  between  two 
liquid  media  of  differing  density 
and  differing  dielectric  and  con¬ 
ductive  properties.  There  are  four 
conditions  of  interest  to  be  consid¬ 
ered: 

(  Denser  liquid  (bottom)  is  an  electrolyte 
\  lighter  liquid  (top)  is  a  dielectric 

Denser  liquid  (bottom)  is  a  dielectric 
Lighter  liquid  (top)  is  an  electrolyte 

Denser  liquid  (bottom)  is  a  high-ZT  di- 
■{  electric 

Lighter  liquid  (top)  is  a  low-iiT  dielectric 

Denser  liquid  (bottom)  is  a  low-JiT  di¬ 
electric 

lighter  liquid  (top)  is  a  high-  K  dielectric 

Typical  of  such  problems  is  sens¬ 
ing  the  interface  between  gasoline 
and  water  in  underground  reser¬ 
voirs  or  the  interface  position  be¬ 
tween  an  oil  and  an  alcohol.  The 
level-sensing  capacitor  is  ideally 
suited  to  such  problems  since  the 
movement  of  the  interface  over  the 
sensing  area  of  the  capacitor  can 
represent  an  appreciable  change  of 
capacitance.  In  practice,  a  differ- 
ance  as  small  as  1.15  in  the  values 
of  K  for  the  two  liquids  can  cause 
a  usable  change  AC  in  capacitance 
for  a  change  of  0.010  inch  in  inter¬ 
face  level  with  an  appropriately  de¬ 
signed  sensing  unit. 

When  one  of  the  liquids  is  an 
electrolyte,  much  greater  depend¬ 
able  sensitivities  may  be  attained. 
The  proper  portion  of  the  tuning 
curve  must  be  chosen,  for  an  elec¬ 
trolyte  at  the  top  will  give  a  nega¬ 
tive  change  in  capacitance  with  in¬ 
terface  rise  in  an  immersion  ca¬ 
pacitor,  while  an  electrolyte  at  the 
bottom  gives  a  positive  change  in 
capacitance  with  interface  rise. 

Oscillator  Cirealt  for  Liqaid-Lavol 
OporatioR 

The  oscillator  relay  circuit  is 
adapted  for  level-sensing  applica¬ 
tions  by  making  the  level-sensing 


capacitor  serve  as  the  grid  resonat¬ 
ing  capacitance',  as  shown  in  Fig. 
11.  Circuit  operation  is  the  same 
as  before,  except  that  the  capaci¬ 
tance  change  AC  resonates  or  de- 
resonates  the  oscillator. 

In  many  applications  of  the  ap¬ 
paratus  it  is  undesirable  to  mount 
the  oscillator  relay  mechanism  in 
close  proximity  to  the  liquid  level 
sensing  device,  and  it  becomes 
necessary  to  provide  some  conven¬ 
ient  means  whereby  the  energy 
from  the  oscillator  may  be  led  to 
the  sensing  capacitor  system  with¬ 
out  excessive  loss.  The  use  of  a 
coaxial  transmission  line  is  ideally 
suited  for  the  purpose,  inasmuch 
as  it  presents  fixed  conditions  of 
linear  capacitance,  inductance  and 
impedance  while  providing  satis¬ 
factory  mechanical  strength.  A 
metal-clad  transmission  line  con¬ 
structed  of  heavy  tubing,  with  low- 
loss,  high-strength  bead  insulation 
and  fairly  large  gauge  internal  con¬ 
ductors,  has  been  very  satisfactory. 

Remote  Ceetrol  Operation 

In  these  liquid  level  sensing  de¬ 
vices  the  level-sensing  capacitor 
assembly  includes  a  terminating 
inductance  L,  and  coupling  capaci¬ 
tance  Cl  placed  at  one  end  of  the 
transmission  line,  while  the  other 
end  of  the  transmission  connects 
to  the  oscillator  apparatus.  Trans¬ 
mission  lines  up  to  200  feet  in 
length  are  entirely  feasible  and 
such  lengths  pretty  well  fulfill  all 
usual  industrial  requirements. 

Because  of  the  very  low  radio¬ 
frequency  energies  present  in  a 
level-sensing  capacitor  serving  as 
a  portion  of  the  grid  resonant  sec¬ 
tion  of  the  oscillator,  fracture  of 
the  protecting  tube  does  not  expose 
inflammable  or  explosive  vapors  to 
possibilities  of  ignition  by  spark¬ 
ing. 

Aecnracy  It  High 

The  narrow  fleld  of  influence  of 
these  sensing  devices  make  possible 
sharply  defined  sensing  levels.  How¬ 
ever,  there  are  some  cases  where 
large  changes  in  line  supply  cause 
small  shifts  in  the  sensing  level  due 
to  small  changes  in  relay  operating 
level.  Voltage-regulating  systems, 
previously  mentioned,  minimize 
such  effects. 


Where  multi-contacting  opera¬ 
tion  is  required,  as  in  some  throt¬ 
tling  applications,  compound  relays 
having  diverse  operating  levels  can 
be  used  by  properly  positioning 
their  operating  levels  on  the  reson¬ 
ance  curve,  as  shown  in  Fig.  10. 


Industrial  Version 


In  Fig.  12  is  shown  one  form  of 
industrial  manometric  capacitor 
clamped  around  a  manometer  leg. 
The  sensing  plates  are  within  a 
sealed  housing,  and  are  insulated 
from  the  effects  of  moisture  and 
dirt  on  the  outer  surface  of  the 
manometer.  The  transmission  line 
is  partly  flexible  to  allow  a  reason¬ 
able  range  of  clamping  position. 
The  junction  box  allows  changeover 
from  flexible  to  semi-rigid  trans¬ 
mission  line  going  to  the  remotely 
located  oscillator  relay. 

Oscillator  relay  mechanisms  are 
readily  applied  to  more  complex 
systems  and  to  a  wide  variety  of 
level-sensing  applications.  Such  os¬ 
cillator  devices  are  the  heart  of  a 
host  of  apparatus  designs  such  as 
position  -  translating  mechanisms, 
proportional  devices,  telemeters, 
torque  amplifiers,  and  many  others. 
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value  gives  coverage  of  100  to  1750  kc  in  a  single  range  by  tuning  only  the  local  oscilla- 
lator.  Applications  in  f-m  and  communication  receivers  are  also  covered 


FIG.  1 — Block  diagram  of  coneentional  broadcast  receiver,  which  requires  ganged 
controls  for  tuning  the  r-f  input  circuit  and  the  local  oscillator 
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Evansville,  Indiana 


Early  designers  of  superhetero¬ 
dyne  receivers  used  compara¬ 
tively  low-frequency  i-f  amplifiers, 
apparently  to  obtain  satisfactory 
gain  and  selectivity.  However,  new 
design  techniques  and  modern  tubes 
make  it  possible  to  obtain  satisfac¬ 
tory  gain  and  selectivity  even 
where  relatively  high  intermedi¬ 
ate  frequencies  are  used,  <  and 
thereby  take  advantage  of  other 
useful  features. 

A  ConvsiifioNal  Rccoivor 


nals  in  the  range  of  1300  to  2700  kc. 
The  main  purpose  of  the  t-r-f  cir¬ 
cuit  ahead  of  the  first  detector  is 
the  elimination  of  such  images. 

Us*  of  High  I-F  Val«* 

A  block  diagram  of  a  simple  five- 
tube  broadcast  and  longwave  re¬ 
ceiver  using  a  high-frequency  i-f 
amplifier  is  shown  in  Fig.  2.  The 
use  of  the  2000-kc  i-f  amplifier 
makes  it  necessary  to  tune  only  the 
local  oscillator  in  this  receiver,  and 


that  over  a  range  considerably  less 
than  two-to-one  (2100  to  3500  kc) 
for  a  receiving  range  of  fifteen-to- 
one.  Signals  which  cause  image 
responses  in  this  receiver  lie  in  the 
range  of  4100  to  5500  kc,  and  are 
easily  eliminated  by  the  low-pass 
filter  between  the  antenna  and  first 
detector.  No  variable  tuning  con¬ 
trol  is  required  for  the  low-pass 
filter. 

As  might  be  expected,  the  re¬ 
ceiver  of  Fig.  2  has  some  limita¬ 
tions.  Since  all  signals  in  its  tun¬ 
ing  range  appear  on  the  control 
grid  of  the  first  detector  tube,  spur¬ 
ious  responses  result  from  beats 
between,  and  harmonics  of,  strong 
signals.  This  means  that  weak  sig¬ 
nals  cannot  always  be  received  in 
the  presence  of  strong  signals— 
which  amounts  to  saying  that  the 
maximum  length  of  receiving  an¬ 
tenna  that  may  be  used  is  limited 
by  that  value  which  will  cause  the 
strongest  signal  in  the  tuning  range 
of  the  set  to  overload  the  first  de¬ 
tector. 

Cireait  of  Exp*rim*Rtal  Receiver 

A  simple  five-tube  receiver  of  the 
type  outlined  in  Fig.  2  was  con¬ 
structed  and  tested.  A  block  dia¬ 
gram  of  this  working  version  is 


In  Fig.  1  is  a  block  diagram  of  a 
superheterodyne  broadcast  band  re¬ 
ceiver  of  the  simplest  conventional 
design.  The  salient  features  of  this 
set  are  (1)  the  400-kc  i-f  amplifier, 
(2)  the  necessity  of  tuning  the  r-f 
circuit  between  the  antenna  and 
first  detector  over  a  three-to-one 
(500  to  1500  kc)  frequency  range 
and  ganging  the  tuning  control  for 
this  circuit  with  that  for  the  oscil¬ 
lator  which  covers  a  greater  than 
two-to-one  (900  to  1900  kc)  range, 
and  (3)  the  relatively  poor  suppres¬ 
sion  of  image  responses  from  sig- 
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FIG.  2 — Block  diagram  showing  essential  features  of  a  broadcast  and  long- 
ware  receirer  haring  a  2-megac7cle  i-i  ompUiier 
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Receiver  With  2  Me  1-F 


shown  in  Fig.  8,  and  the  schematic 
diagram  appears  in  Fig.  4.  This 
receiver  was  designed  primarily  to 
give  high-fidelity  reception  of  local 
broadcast  stations  in  the  metropoli¬ 
tan  area  of  Boston,  Massachusetts, 
and  has  a  number  of  interesting 
features. 

A  type  6SA7  tube  is  used  as  first 
detector  and  local  oscillator.  The 
6SA7  was  chosen  after  experimen¬ 
tal  trials  of  a  number  of  converter 
tubes  and  found  to  be  the  best  for 
this  type  of  set,  as  far  as  ability  to 
handle  a  wide  range  of  signal 
strengths  without  spurious  re¬ 
sponses  is  concerned.  A  three-sec¬ 
tion  low-pass  filter  is  used  between 
the  antenna  and  6SA7  control  grid, 
giving  an  image  rejection  of  well 
over  30  db. 

The  i-f  amplifier  has  a  center  fre¬ 
quency  of  2000  kc  and  is  down  3  db 
at  about  10  kc  off  resonance.  This 
bandwidth  is  about  the  minimum 
necessary  for  reasonably  high-fidel¬ 
ity  reception.  Only  one  i-f  ampli¬ 
fier  stage  is  used,  employing  a 
6SG7  pentode.  The  i-f  transformers 
are  modified  standard  1500-kc  iron- 
core  units,  the  coil  inductances  be¬ 
ing  reduced  and  mutual  coupling  in¬ 
creased. 

A  type  6SN7  double-triode  tube 
serves  as  diode  detector  and  first 
audio  amplifier;  one  section  has  its 
plate  and  grid  tied  together  to  act 
as  a  diode.  The  6SN7  affords  a 
means  of  obtaining  a  diode  and  tri- 
ode  with  separate  cathode  connec¬ 
tions  in  one  envelope. 

The  audio  system  uses  the  6SN7 
triode  section  to  drive  the  6V6  final 
amplifier  stage.  The  cathode  of  the 
6SN7  is  grounded  through  the  sec¬ 
ondary  winding  of  the  output  trans¬ 
former,  providing  enough  inverse 
feedback  to  reduce  the  gain  of  the 
system  by  a  factor  of  three.  The 
weak  point  of  the  audio  system  is 
the  output  transformer,  which  must 
be  rather  large  for  good,  distor¬ 
tionless  low-frequency  response.  An 
output  of  over  3.5  watts  is  available 
at  1000  cycles,  but  this  drops  to  one 
watt  at  60  cycles  with  the  particular 
transformer  used.  With  a  reason¬ 
ably  good  loudspeaker  and  baffle, 
this  power  is  more  than  adequate 
for  the  average-size  living  room  and 
will  easily  handle  the  limited  vol¬ 
ume  range  transmitted  by  most 
broadcast  stations.  The  frequency 


TABLE  I.  PERFORMANCE  OF 
RECEIVER  USING  2-Me  I-F 
AMPLIFIER 


That  is,  the  r-f  stages  of  the  re¬ 
ceiver  overload  before  the  audio 
system  distorts. 

Listening  tests  at  a  location  in  a 
residential  section  of  Boston  indi¬ 
cate  that  the  set  is  fully  capable  of 
serving  the  purpose  for  which  it 
was  designed,  that  of  a  high-qual¬ 
ity  local  receiver.  In  fact,  the  re¬ 
ceiver  is  almost  too  good  as  far  as 
tone  is  concerned;  network  and  re¬ 
corded  programs  are  easily  recog¬ 
nized  as  being  inferior  in  tonal 
quality  to  local  studio  broadcasts 
when  this  receiver  is  used. 


AUDIO-FREQUENCY  RESPONSE 

Overall:  Flat  within  3  db,  25  to  7,500 
cycles. 

Audio  System  Only:  Flat  within  3  db, 
25  to  20,000  cycles. 

SELEaiVITY 

Down  6  db  at  1 5  kc  of!  resonance 
Down  20  db  at  20  kc  off  resonance 
Down  40  db  at  40  kc  off  resonance 

IMAGE  REJECTION 

(Characteristics  of  low-pass  filter) 

Flat  within  3  db  from  100  to  1,600  kc, 
and  down  over  30  db  above  1975  kc. 

MAXIMUM  RECEIVABLE  MODU¬ 
LATION  PERCENTAGE 

(Without  excessive  distortion). 

Over  85  percent  at  all  modulation  fre¬ 
quencies  between  25  and  10,000 
cycles. 

AVC  ACTION 

R-F  input  AVC  bias  Audio  output 
volts  volts  volts 

2.0  10.5  1.00 

1.0  8.5  0.85 

0.1  5.5  0.55 

0.01  3.5  0.30 

0.005  2.4  0.28 


Performance  of  Test  Receiver 

The  low-frequency  end  of  the  re¬ 
ceiver  tuning  range  was  set  at  100 
kc  because  going  this  low  involved 
no  design  complications.  However, 
when  the  tuning  range  is  extended 
appreciably  below  this  value  trou¬ 
ble  is  encountered  as  a  result  of  the 
local  oscillator  being  on  a  fre¬ 
quency  near  that  of  the  i-f  ampli¬ 
fier.  The  wide  single-band  tuning 
range  of  100  to  1750  kc  involves  no 
great  tuning  problems,  even  with¬ 
out  a  vernier  dial. 

The  ucefulness  of  the  receiver  is 
limited  by  the  strongest  signal  in 
the  received  band.  That  is,  there 
appears  to  be  a  critical  maximum 
amount  of  signal  voltage  that  may 
be  applied  to  the  control  grid  of  the 
6SA7  first  detector,  and  when  this 
value  is  exceeded  a  heterodyning 
squeal  appears  in  the  background 
on  all  signals.  This  squeal  disap¬ 
pears  completely  when  the  input 
signal  is  reduced  below  the  critical 


response  of  the  audio  system  is  flat 
within  3  db  from  25  to  20,000  cy¬ 
cles. 

Another  interesting  feature  of 
the  receiver  is  the  balance  between 
avc  action  and  audio  gain.  The  gain 
of  the  audio  system  is  so  low  that 
the  power  output  capabilities  of 
the  6V6  stage  cannot  be  exceeded. 
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FIG.  3 — Block  diagram  of  the  test  receiver  for  which  conetructional  detaib 
ore  given  in  thii  orticle.  Use  of  a  2000-kc  i-f  value  permits  high-quaiity  local 
reception  with  only  five  tubes 
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FIG.  4 — Schematic  circuit  diagram  of  test  receirer  using  2000<kc 
intermediate  frequency  amplifier,  with  Talues  of  all  component  ports 


value.  Thus,  the  range  of  signal 
strengths  that  may  be  received  is 
somewhat  limited,  and  the  length  of 
antenna  that  may  be  used  with  the 
set  is  not  sufficient  to  permit  recep¬ 
tion  of  weak,  distant  signals  in  a 
location  where  there  are  strong  lo¬ 
cal  signals.  It  was  definitely  deter¬ 
mined  experimentally  that  increas¬ 
ing  the  i-f  gain  of  the  set  after  the 
first  detector  or  increasing  the  gain 
of  the  audio  system  would  make 
possible  reception  of  a  wider  range 
of  signal  strengths.  However,  since 
high-fidelity  reception  of  weak  sig¬ 


nals  in  the  broadcast  band  is  not 
generally  possible  (due  to  the  10-kc 
spacing  between  adjacent  channels) 
it  does  not  appear  desirable  to  pro¬ 
vide  for  such  reception  in  this  par¬ 
ticular  receiver. 


ceiver  which  covers  the  f-m  band 
and  a  band  extending  from  about 
100  kc  to  the  i-f  amplifier  frequency 
(5  Me  with  the  S-27). 

Where  a  higher  intermediate  fre¬ 
quency,  such  as  20  Me,  is  used  the 
possibilities  become  quite  interest¬ 
ing.  It  is  not  difficult  to  build  a 
stable  20-Mc  i-f  amplifier  having  a 
bandwidth  well  under  100  kc.  If 
a  second  converter  is  used,  as 
shown  in  Fig.  5,  almost  any  desired 
selectivity  is  available,  along  with 
a  novel  bandspread  feature. 

The  receiver  of  Fig.  5  covers 
100-16,000  kc  in  one  range.  A  band- 
spread  dial,  tuning  the  second  local 
oscillator  100-kc  above  and  below 
its  center  frequency,  provides  an 
accurately  calibrated  bandspread 
action  over  exactly  200  kc  at  any 
point  in  the  100-15,000  kc  range  of 
the  receiver.  For  f-m  reception  a 
limiter  stage  and  discriminator  are 
substituted  for  the  second  con¬ 
verter  and  narrow  i-f  circuits,  the 
low-pass  filter  ahead  of  the  first 
detector  is  replaced  by  a  band-pass 
filter  covering  the  f-m  band,  and 
the  oscillator  tank  circuit  is 
switched  to  operate  over  a  suitable 
range.  The  essential  features  of 
this  receiver  have  already  been 
tried  experimentally  breadboard 
fashion. 


Other  Applications  of  High-Value 
I-F  Amplifiers 

A  high-frequency  i-f  amplifier  is 
almost  an  essential  requirement  in 
an  f-m  receiver,  and  it  is  a  simple 
matter  to  convert  a  dual-bandwidth 
f-m  receiver,  such  as  the  Halli- 
crafters  S-27,  to  a  dual-purpose  re- 
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FIG.  5— Block  diagrom  oi  proposed  comblnotion  o-m/i-m  commuaication 
reeelTor  employing  a  20-Mc  i-f  walue.  Both  local  oscillators  are  tuned,  but 
the  second  is  used  only  for  bandspread  purposes 
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Geiger  Counter  Spectrometer 
for  Industrial  Research 

New  instrument  measures  x-ray  intensities  and  diffraction  angles  of  powdered  chemical 
and  metallurgical  samples  directly  and  speedily,  by  using  a  Geiger  counter  tube  to 
actuate  a  scale-of-64  flip-flop  circuit  that  feeds  an  impulse  register 


X-ray  tub*  used  in  th*  Geiger-counter  focus* 
ing  spectrometer  (housing  has  been  remoTed) 


X-RAY  DIFFRACTION  has  many 
applications  in  the  chemical 
and  metallurgical  industries,  but 
its  techniques  have  been  confined 
until  recently  to  the  laboratory  and 
to  highly  trained  personnel.  Con¬ 
ventional  procedure  entails  photo¬ 
graphic  exposure,  processing,  and 
density  comparisons  of  the  finished 
film  strips. 

The  Geiger  counter  spectrometer 
described  below  measures  x-ray  in¬ 
tensities  and  diffraction  angles  di¬ 
rectly,  without  intermediate  photo¬ 
graphic  steps.  It  is  simple  enough 
for  unskilled  operators  performing 
routine  industrial  processes,  yet 
also  meets  the  precise  requirements 
of  laboratory  research.  The  instru¬ 
ment  was  developed  at  the  Naval 

•  Published  by  permission  of  the  Navy 
Department. 


Research  Laboratory,  where  it  has 
been  in  regular  use  for  the  past 
two  years. 

X*Ray  Powder  Diffraction 

X-rays  for  diffraction  analysis 
are  generated  by  electronic  bom¬ 
bardment  of  a  suitable  target,  gen¬ 
erally  molybdenum,  copper,  cobalt, 
iron,  or  chromium.  The  x-ray  spec¬ 
trum  of  molybdenum'  bombarded 
by  35-kilovolt  electrons  is  shown  in 
Fig.  1;  characteristic  x-ray  lines 
are  superposed  on  the  background 
of  “white”  radiation.  To  simplify 
the  interpretation  of  x-ray  powder 
patterns  the  target  radiation  is  par¬ 
tially  monochromatized  through  the 
use  of  filters  which  strongly  absorb 
the  radiation  and  pass  the  Xa. 

In  Fig.  2(a),  assume  the  beam 
is  monochromatic  of  wavelength  X, 


and  that  it  is  limited  by  a  series  of 
pinhole  apertures.  A  small  portion 
of  the  chemical  compound  to  be  ex¬ 
amined  is  ground  to  a  fine  powder 
and  mounted  at  point  C.  Let  the 
dotted  line  indicate  the  orientation 
of  a  particular  set  of  crystal  planes 
in  a  single  powder  particle,  the 
planes  being  normal  to  the  plane  of 
the  figure.  If  the  spacing  of  this 
set  of  planes  is  d,  the  x-ray  beam 
is  reflected  only  when 

w  X  =  2d  sin  ^  (1) 


FIG.  1 — X-ray  spectrum  of  molybdenum 
bombarded  with  35-kiloTolt  electrons, 
showing  characteristic  lines 


FIG.  2 — Basic  arrangemeni  for  analysis  by 
powder  diffraction  (a),  \ue  of  cylindrical 
film  to  intercept  o  cone  of  diffracted  radia¬ 
tion  (b).  and  example  of  pattern  obtained 
on  film  (c) 
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Naral  Research  Laboratory* 
Washington,  D.  C. 


Here  n  is  the  order  of  diffraction, 
and  6  is  the  glancing  angle. 

The  myriad  of  small  crystal 
fragments  that  make  up  the  powder 
specimen  are  oriented  in  all  direc¬ 
tions.  The  particle  whose  orienta¬ 
tion  is  represented  in  Fig.  2  (a)  is 
only  one  of  a  large  number  of  par¬ 
ticles  aligned  to  reflect  at  the  angle 
6  from  the  same  set  of  lattice 
planes.  These  sets  of  planes,  how¬ 
ever,  make  all  possible  angles  with 
the  plane  of  the  figure.  The  rays 
diffracted  from  the  entire  speci¬ 
men  are  therefore  the  generators 
of  a  cone  of  semi-apex  angle  26 
about  the  primary  beam  as  an  axis, 
as  indicated  in  Fig.  2(b).* 

Corresponding  to  each  set  of  in- 
terplanar  spacings  (the  so-called  d 
values)  there  is  a  diffracted  cone 
of  different  Bragg  angle  6.  If  a 
photographic  film  is  mounted  per¬ 
pendicular  to  the  incident  beam  di¬ 
rection,  as  shown  in  Fig.  2^b),  the 
diffraction  cones  from  the  various 
d  spacings  intercept  the  film  in  con¬ 
centric  circles.  The  more  common 
arrangement  for  photographic  reg- 


Focusing  spectrometer  engineered  by  North  American  Philips  Co.  The  count¬ 
ing  meter  scale  at  the  lower  left  indicates  radiation  intensities  directly  os  the 
Geiger  tube  is  rotated  from  one  end  to  the  other  of  the  graduoted  quadrant 
that  shows  dilfroction  angles.  The  x-ray  tube  is  in  the  dumbbell-shaped  hoiuing 

at  the  rear 


istration  is  to  surround  a  rod-  relationship,  the  unknown  must 
shaped  powder  sample  with  a  cylin-  contain  the  standard  material, 
drical  film  strip.  The  intersections  One  of  the  earliest  Geiger  coun- 
of  diffracted  beams  with  the  film  ter  spectrometers  simply  used  a 
are  then  curved  traces  which  ap-  counter  to  scan  the  arc  normally 
proach  circular  arcs  at  zero  and  covered  by  film  in  a  cylindrical 
180  degrees,  and  straight  lines  in  power  camera.®  The  counter  waa 
the  90-degree  direction,  as  in  Fig.  mounted  bn  an  arm  pivoted  at  the 
2(c).  The  obvious  method  of  identi-  specimen  axis.  This  method  of 
fying  compounds  is  to  place  the  scanning,  however,  is  poor  in  corn- 
pattern  of  an  unknown  side  by  parison  with  focusing  arrange- 
side  with  standard  patterns  so  that  ments. 
the  zero  positions  match.  If  the 
unknown  shows  a  set  of  lines  coin¬ 
cident  with  the  lines  of  a  standard 
and  in  roughly  the  same  intensity 


Focusing  Powder  Specfrometers 

The  focusing  powder  spectro¬ 
meter  engineered  by  North  Ameri¬ 
can  Philips  Company  is  capable  of 
precision  angular  measurements 
and  resolution  beyond  that  attain¬ 
able  by  means  of  photographic 
cameras.  In  addition,  the  instru¬ 
ment  may  be  adapted  to  measure¬ 
ment  of  pinhole  transmission  pat¬ 
terns,  fiber  orientation,  and  low- 
angle  scattering.  The  essential 
features  are  a  zero  to  ninety-degree 
scale,  with  a  dial  micrometer  to  in¬ 
dicate  hundredths  of  a  degree,  and 
a  specimen  holder  geared  to  rotate 
at  half  the  speed  of  the  Geiger 
counter  scanning  arm.  The  angu¬ 
lar  positioning  mechanism  is  free 


Focusing  cire/s 


Stiger 

counter 


Powder^ 

specimen 


FIG.  3 — Bragg  ionization  spectrometor  for  single  crystai  analysis  (a),  focusing 
crystal  arrangement  of  Bragg,  spectrometer  (b).  and  focusing  spectrometer 
arrangement  for  powder  diffroction  (c) 
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Si  and  C  are  fixed  in  practice  and 
S*  moves  with  the  spectrometer 
arm.  As  the  Bragg  angle  increases, 
the  curvature  of  the  hypothetical 
focusing  circle  increases.  To  pre¬ 
serve  the  focusing  condition  ex¬ 
actly  at  all  angles  would  require 
that  the  specimen  curvature  be  ad¬ 
justed  to  match  the  circle  at  each 
setting  of  S-^.  A  working  compro¬ 
mise  is  arrived  at  by  using  a  plane 
specimen  and  limiting  the  diverg¬ 
ence  of  the  primary  beam  suffi¬ 
ciently  to  avoid  introducing  exces¬ 
sive  errors  in  the  measiu’ed  diffrac¬ 
tion  angles.  ' 

Most  specimens  can  be  prepared 
by  mixing  the  powdered  material 
with  collodion  or  other  binder  and 
spreading  a  thin  layer  of  the  mix¬ 
ture  onto  a  glass  slide.  Other  meth¬ 
ods  involve  packing  the  powder  into 
a  shallow  form,  with  the  aid  of  a 
spatula,  or  sprinkling  the  powder 
into  a  form  faced  with  a  thin  flat 
film  that  is  highly  transparent  to 
x-rays. 


of  backlash;  this  permits  resetting 
angles  directly  to  0.01  degree. 

The  x-ray  tube  of  the  focusing 
powder  spectrometer  is  mounted 
horizontally  inside  its  protective 
housing.  A  cone  of  x-rays  from  the 
focal  spot  converges  on  the  first  of 
a  pair  of  slits,  directly  in  front  of 
the  exit  aperture  in  the  housing. 
This  slit  acts  as  the  source  of  a 
diverging  pencil  of  radiation.  The 
second  slit  controls  the  degree  of  di¬ 
vergence  and  thereby  the  area  of 
specimen  irradiated.  Rays  reflected 
from  the  specimen  are  brought  to 
a  focus  on  a  receiving  slit  before 
the  window  of  the  Geiger  counter. 
The  three  slits  mentioned  thus  far 
are  bilateral  and  calibrated  in 
thousandths  of  an  inch.  A  fixed 
slit  of  wide  dimensions  is  included 
ahead  of  the  counter  slit  to  reduce 
the  amount  of  stray  radiation  en¬ 
tering  the  counter.  The  source  slit 
and  the  receiving  slit  are  each 
spaced  ten  centimeters  from  the 
spectrometer  axis. 

Focusing  spectrometers  date 
back  to  the  early  days  of  the  de¬ 
velopment  of  x-ray  diffraction  tech¬ 
niques.  The  original  Bragg  ioniza¬ 
tion  spectrometer*,  shown  in  Fig. 
3(a),  was  designed  for  use  with  a 
single  crystal.  The  incident  x- 
radiation  was  collimated  by  a  sys¬ 
tem  of  slits,  and  after  reflection 
was  measured  by  the  scanning 
ionization  chamber.  A  subsequent 
development  employed  a  divergent 
beam  and  provided  for  rocking  the 
crystal  about  the  spectrometer  axis, 
as  in  Fig.  8(b).  By  maintaining 
equal  distances  from  the  rotation 
axis  C  to  the  entrant  slit  S,  and  to 
the  receiving  slit  S,  of  the  ioniza¬ 
tion  chamber,  a  focusing  action 
was  derived.  At  each  position  of 
S,  on  the  spectrometer  circle,  a  dif¬ 
ferent  wavelength  is  received. 
While  this  arrangement  yields  a 
true  focusing,  it  contributes  no  in¬ 
crease  in  intensity  to  the  reflected 
radiation. 

The  use  of  powder  samples  with 
the  focusing  crystal  spectrometer 
was  described  by  W.  H.  Bragg  in 
1921*.  If  the  specimen  face  con¬ 
forms  to  the  arc  of  a  circle  which 
passes  through  the  slits  Si  and  St,  as 
in  Fig.  3(c),  then  all  rays  from  Si 
to  the  specimen  to  S,  make  equal 
Bragg  angles.  The  specimen  can  be 
prepared  by  spreading  a  mixture  of 
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FIG.  4 — Fundamentol  circuit  oi  Geiger 
counter 
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FIG.  5 — Geiger  counter  ploteou  curree 


Geiger  Counters  for  X-Rays 

Relatively  few  laboratories  have 
published  powder  diffraction  data 
obtained  with  the  Bragg  type  ion¬ 
ization  chamber  spectrometer.  The 
reason  lies  in  the  difficulty  associ¬ 
ated  with  ionization  chamber  meas¬ 
urements  of  the  very  weak  currents 
involved.  Brentano  and  his  co¬ 
workers"  have  investigated  focus¬ 
ing  spectrometer  arrangements  us¬ 
ing  film  in  preference  to  an  ioniza¬ 
tion  chamber,  but  the.se  methods  re¬ 
quire  that  limited  portions  of  the 
film  be  exposed  step  by  step  in  or¬ 
der  to  register  all  of  the  powder 
pattern  in  focus. 


sen 


FIG.  6 — Abiorption  oi  x-radiation  by  argon 
and  by  krypton  at  various  wavelengths 
and  pressures,  ior  a  path  length  oi  ten 
centimeters 
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the  sample  powder  and  a  suitable 
binder  on  a  strip  of  paper  bent  to 
the  proper  curvature.  Arrange¬ 
ments  of  this  type  are  called  “fo¬ 
cusing”  although  no  true  focusing 
action  takes  place.  The  large  gain 
in  intensity  is  due  directly  to  the 
increased  amount  of  specimen  ir¬ 
radiated  by  the  divergent  beam. 

The  focusing  circle  of  Fig.  3(c) 
is  only  hypothetical  and  applies  to 
one  particular  Bragg  angle.  Points 
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FIG.  7 — Three  types  oi  Geiger  counter 
tubes  suitable  for  detecting  soft  x-roys 
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The  excellent  results  obtainable 
with  the  present  instrument  are 
due  to  the  efiSciency  of  the  Geiger 
counter  technique  employed.  The 
counter  tube  is  prepared  with  close 
to  100-percent  efficiency  for  the 
characteristic  x-ray  wavelength 
used  in  the  powder  crystal  analysis ; 
in  other  words,  one  count  is  pro¬ 
duced  for  almost  every  x-ray  quan¬ 
tum  entering  the  tube.  This  is  to 
be  compared  with  values  of  four  to 
fifteen  counts  per  hundred  quanta 
attributed  to  the  x-ray  counters 
previously  used.*’  *  Furthermore, 
in  photographic  measurement,  the 
number  of  quanta  required  to  pro¬ 
duce  a  diffraction  line  on  film  is 
roughly  10*  to  10*,  for  minimum  de- 
tecfkble  blackening;  a  Geiger 
counter  measurement  of  the  same 
x-ray  energy  would  have  an  accur¬ 
acy  of  better  than  one-tenth  of  a 
percent.  Comparisons  with  second¬ 
ary  electron  multiplier  tubes  based 
on  the  work  of  Eisenstein  and  Ging¬ 
rich  indicate  a  factor  of  25  to  50  in 
favor  of  the  Geiger  counter  de¬ 
scribed  below. 

The  high  sensitivity  of  the 
Geiger  counter  lies  in  its  ability  to 
detect  individual  quanta  of  radia¬ 
tion.  The  formation  of  a  single  ion 
pair  anywhere  within  the  active 
volume  of  a  counter  tube  releases 
a  flow  of  current  large  enough  to 
operate  a  relay  directly. 

In  its  simple.st  form  a  Geiger 
counter  consists  of  a  coaxial  wire 
and  cylinder  arrangement  as  shown 
in  Fig.  4.  The  electrodes  are 
usually  enclosed  in  a  glass  envelope 
containing  a  suitable  gas  mixture 
at  a  small  fraction  of  atmospheric 
pressure.  The  passage  of  ionizing 


radiation  triggers  a  momentary  dis¬ 
charge  and  develops  a  voltage  pulse 
at  capacitor  C.  Following  the  dis¬ 
charge,  the  counter  recovers  quickly 
to  its  original  condition  and  is 
ready  to  detect  the  next  ionization. 

The  characteristic  curve  of  a 
Geiger  counter,  in  Fig.  5,  indicates 
the  number  of  discharges  or  counts 
per  second  as  a  function  of  applied 
voltage.  Up  to  a  minimum  voltage, 
the  threshold,  no  counts  are  de¬ 
tected.  Above  this  threshold,  the 
counting  rate  increases  only  slightly 
over  a  range  of  a  hundred  or  more 
volts.  This  region  is  called  the 
plateau.  The  upper  limit  to  the 
plateau  is  set  by  the  inception  of 
self -sustained  discharges.  The  var¬ 
ious  curves  of  Fig.  5  correspond  to 
different  intensities  of  radiation. 

Coaster  Tubes 

A  counter  tube  detects  x-rays  by 
virtue  of  the  charged  secondaries 
released  within  its  active  volume, 
and  x-rays  of  the  wavelengths  em¬ 
ployed  in  diffraction  work  are  ab¬ 
sorbed  almost  entirely  by  photoelec¬ 
tric  effect.  When  the  counter  is 
triggered  by  photoelectrons  re¬ 
leased  from  the  cathode  wall  its  ef¬ 
ficiency  cannot  be  very  high,  since 
only  a  relatively  small  fraction  of 
these  electrons  escape  from  the  wall 
into  the  accelerating  field  of  the 
tube.  On  the  other  hand,  if  photo¬ 
electric  absorption  of  the  x-rays 
takes  place  in  the  gaseous  contents 
of  the  tube,  every  x-ray  quantum 
produces  a  count. 

In  most  published  work  on 
Geiger  counters  for  x-ray  diffrac¬ 
tion  the  tubes  were  designed  to  re¬ 
ceive  the  x-ray  beam  on  the  cath¬ 


ode  w'all,  with  negligible  gaseous 
absorption.  These  tubes  yielded 
quantum  counting  efficiencies  of 
the  order  of  four  to  fifteen  percent, 
with  the  higher  values  obtained 
through  use  of  a  cathode  surface 
whose  critical  absorption  limit  fell 
at  slightly  longer  wavelength  than 
the  radiation  being  measured. 

The  counter  tube  employed  in  the 
present  spectrometer  is  designed 
for  almost  complete  absorption  of 
the  x-ray  beam  in  the  gaseous  vol¬ 
ume.  This  is  accomplished  by  fill¬ 
ing  the  counter  tube  with  a  high 
pressure  of  a  gas  whose  absorption 
coefficient  is  large  for  the  x-ray 
wavelength  employed. 

The  percentage  of  the  x-radia- 
tion  absorbed  by  argon  and  by 
krypton  in  a  ten-centimeter  counter 
tube  is  shoAvn  in  Fig.  6.  Argon,  at 
pressures  close  to  atmospheric,  ab¬ 
sorbs  more  than  85  percent  of  the 
Ka.  radiations  of  Cu,  Co,  Fe,  and  Cr. 
Krypton  strongly  absorbs  the  K, 
rays  of  Mo. 

The  counter  tubes  are  designed 
to  permit  passage  of  the  x-rays 
through  a  gas  path  ten  centimeters 
in  length  without  striking  the  elec¬ 
trodes.  Three  tube  constructions 
are  sketched  in  Fig.  7.  In  type  1, 
the  x-rays  are  admitted  through  a 
beryllium  window  sealed  off  to  one 
side  of  the  tube  axis.  The  anode 
is  a  fine  tungsten  wire  mounted 
under  spring  tension  and  insulated 
by  glass  sleeves  at  the  ends.  Type  2 
comprises  a  brass  cylinder  and  stiff 
tungsten  rod  anode  enclosed  in  a 
Pyrex  glass  envelope.  A  bubble 
window’,  20  microns  thick,  readily 
transmits  the  x-rays."  Type  3  dif¬ 
fers  from  t)^e  2  in  that  the  fragile 
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FIG.  8 — PuIm  producer  cmd  pulse  averaging  dreuit  oi  count¬ 
ing  rate  meter  used  in  Geiger  counter  focusing  spectrometer 


FIG.  9 — Bosic  scale>oi-two  trigger  circuit  and  rectifier  output 
stage  employed  in  the  scale>of-64  counting  arrongement 


ELECTRONICS  — ApnV  1945 


bubble  window  is  replaced  by  a 
thicker  Lindemann  glass  window, 
and  the  cathode  cylinder  of  chrome- 
iron  is  sealed  directly  to  soft  glass 
ends. 

The  addition  of  a  small  amount 
of  organic  vapor,  such  as  ethyl  al¬ 
cohol,  to  the  rare  gas  filling,  makes 
these  tubes  self  quenching.  The  dis¬ 
charges  are  extinguished  internally 
by  a  space  charge  mechanism  and 
a  large  external  series  resistance  is 
not  essential  to  the  counting  action. 
Using  a  value  of  2  megohms  for  R 
in  Fig.  4,  maximum  counting  rates 
of  the  order  of  5000  per  second  are 
obtainable  with  conventional  de¬ 
tecting  circuits. 

-  Circ«it$ 

Two  types  of  intensity  measure¬ 
ment  are  employed — a  counting- 
rate  meter  for  rapid  scanning,  and 
a  scale-of-64  vacuum-tube  counting 
circuit  with  timed  counting  inter¬ 
vals  of  15,  30  or  60  seconds. 

The  counting  rate  meter,  com¬ 
posed  of  a  uniform  pulse  producer 
and  a  pulse  averaging  circuit,  is 
shown  in  Fig.  8.  The  averaging  is 
accomplished  in  a  resistance-capac¬ 
itance  tank  provided  with  a  selec¬ 
tion  of  capacitors  to  make  up  time 
constants  of  5,  10  and  20  seconds. 
Uniform  pulses  are  derived  from  a 
succession  of  pulse  shaping,  ampli¬ 
fying,  and  limiting  stages.  The 
Geiger  counter  anode  is  coupled 
through  a  small  capacitor  to  a  two- 
stage  preamplifier  mounted  in  the 
same  housing  as  the  counter  tube. 
The  pulses  developed  on  the  counter 
wire  appear  as  negative  pulses, 
sharpened  and  amplified,  in  the  out¬ 


put  of  the  preamplifier.  A  third 
stage  of  amplification  and  differen¬ 
tiation  suffices  to  equalize  all  pulses 
at  counting  rates  up  to  3000  per 
second.  These  uniform  pulses  are 
applied  to  the  grid  of  the  averag¬ 
ing  stage. 

The  resistance-capacitance  aver¬ 
aging  tank  is  placed  in  the  anode 
circuit  of  a  pentode.  In  this  ar¬ 
rangement,  the  amplitude  of  each 
pulse  delivered  to  the  capacitor  is 
independent  of  the  voltage  across 
it.  The  parallel  resistor  draws  leak¬ 
age  current  in  proportion  to  the 
capacitor  voltage;  a  microammeter 
in  series  with  the  resistor  serves  to 
measure  the  current.  A  choice  of 
capacitors  permits  adjusting  the 
charging  time  or  speed  of  response 
of  the  indicator.  Circuit  constants 
and  supply  voltages  are  selected  to 
yield  approximately  one  microam¬ 
pere  per  pulse  per  second. 

Flip-Flop  Counting  Action 

The  basic  unit  of  the  scale-of-64 
counting  circuit  is  shown  in  Fig.  9. 
It  consists  of  two  tubes,  A  and  B, 
in  a  triode  flip-flop  circuit  coupled 
to  a  rectifier  stage.  The  flip-flop 
unit  is  essentially  a  resistance- 
coupled  two-stage  amplifier  with  re¬ 
generative  feed-back.  It  can  be 
shown  readily  that  this  combina¬ 
tion  has  only  two  states  of  stable 
equilibrium.  If  the  circuit  is  not  in 
one  of  its  equilibrium  states  any 
very  small  disturbance  is  amplified 
regeneratively  so  that  one  tube 
draws  more  plate  current  and  the 
other  is  driven  towards  cut-off. 
When  one  tube  reaches  cut-off,  the 
amplification  process  ceases  and 


FIG.  10— CoTTM  uhowlng  counting  Iomm  FIG.  11 — Calibration  cunre  of  complete 
ot  a  function  of  the  scaling  ratio  counting  system  for  focusing  spectrometer 


since  the  tubes  are  directly  coupled 
they  remain  in  this  configuration. 
The  reverse  action  can  be  initiated, 
however,  by  applying  a  sufficiently 
large  signal  to  the  grids.  The  action 
then  proceeds  in  the  same  manner, 
as  the  other  tube  is  driven  to  cut¬ 
off.  The  two  states  of  equilibrium 
are  (1)  tube  A  conducting,  B  non¬ 
conducting  and  (2)  A  non-conduct¬ 
ing,  B  conducting. 

When  input  pulses  are  fed  to  the 
grids  of  tubes  A  and  B,  the  flip-flop 
action  described  above  causes  the 
plate  potentials  to  rise  and  fall  on 
successive  pulses.  To  obtain  a  di¬ 
vision  of  the  input  pulses  by  two, 
one  plate  is  coupled  to  a  stage  cap¬ 
able  of  responding  to  only  one  po¬ 
larity  of  pulse.  The  complete  ^1- 
ing  circuit  therefore  consists  of  a 
succession  of  flip-flop  units  separ¬ 
ated  by  rectifiers,  in  the  form  of 
triode  amplifiers,  biased  to  cut-off. 
Each  flip-flop  stage  can  respond  to 
pulses  of  either  polarity,  but  each 
rectifier  passes  only  positive  pulses, 
which  appear  as  negative  pulses  in 
its  output. 

The  output  pulses  from  the  pre¬ 
amplifier  are  sufficiently  strong  and 
sharpened  to  activate  the  scaling 
circuit.  The  output  of  any  section 
of  the  scaling  circuit  may  be  cou¬ 
pled  to  the  grid  of  a  thyratron 
which  operates  an  impulse  register. 
Scale  ratios  of  2,  4,  8,  16,  32  and  64 
are  selected  in  this  way. 

The  timer  circuit  operates  a  re¬ 
lay  which  shunts  the  pulse  output 
of  the  first  scale  stage  to  ground 
between  timing  intervals. 

Counting  Losses 

The  Geiger  counters  and  count¬ 
ing  systems  described  above  do  not 
continue  to  record  accurately  as  the 
speed  of  arrival  of  successive  im¬ 
pulses  increases  beyond  certain  lim¬ 
its.  The  response  of  the  Geiger 
counter  is  limited  by  a  dead  time 
related  to  the  deionization  time;  the 
maximum  output  of  the  Geiger 
counter  pulse  amplifier  system  is  of 
the  order  of  5000  per  sec.  The  scal¬ 
ing  circuit  is  considerably  faster, 
with  a  resolving  power  of  100,000 
pulses  per  second.  The  impulse 
counter  is  by  far  the  slowest  ele¬ 
ment  in  the  counting  system;  it 
cannot  record  two  counts  when  the 
pulses  are  separated  by  less  than 
about  0.01  second. 


136 


April  1945  —  ELECTRONICS 


FIG.  12 — Microphotometer  trace  of  photographic  pattern  ob¬ 
tained  with  conventional  powder  diffraction  camera,  for  copper 
oxide  pigment.  Smaller  peak*  are  difficult  to  diatinguish 


FIG.  13 — Plot  of  focusing  spectrometer  data  for  the  sample  ot 
Fig.  12,  showing  clearer  delineation  of  peaks.  Sample  contains 
both  cuprous  and  cupric  oxide  and  some  free  copper 


By  making  the  scaling  ratio  suf¬ 
ficiently  large  it  is  possible  to  elim¬ 
inate  the  counting  circuit  com¬ 
pletely  as  a  source  of  counting 
losses.  The  limitations  then  reside 
entirely  in  the  Geiger  counter  and 
its  amplifier  system.  The  depend¬ 
ence  of  output  counting  rate  on  the 
scale  ratio  is  illustrated  in  Fig.  10. 

The  distribution  in  time  of  the 
x-ray  quanta  arriving  at  the  Geiger 
counter  is  random,  or  in  other 
words,  the  time  of  arrival  of  any 
quantum  is  not  influenced  by  the  ar¬ 
rival  of  any  preceding  quantum. 
The  probability  of  arrival  of  two 
successive  quanta  separated  by  a 
small  interval  is  proportional  to  the 
length  of  that  interval  but  even  at 
low  counting  rates  some  quanta  fol¬ 
low  each  other  too  closely  to  be  re¬ 
solved.  To  determine  the  curve  of 
counting  rate  versus  incident  x-ray 
intensity,  the  intensity  may  be 
varied  in  a  known  manner  and  the 
corresponding  counting  rates  ob¬ 
served.  The  spectrometer  is  equip¬ 
ped  with  a  calibrated  wedge  type 
slit  height  control  on  the  Geiger 
counter  entrance  slit.  With  the 
spectrometer  arm  set  at  zero  de¬ 
crees,  the  intensity  entering  the 
counter  is  proportional  to  this  slit 
height.  A  typical  calibration  curve 
is  shown  in  Fig.  11. 

PerformoRC* 

The  performance  of  the  Geiger 
counter  x-ray  powder  spectrometer 
be  compared  with  photographic 
powder  camera  technique  by  refer¬ 


ring  to  Fig.  12  and  13.  A  copper 
oxide  pigment,  containing  both  cup¬ 
rous  and  cupric  oxides  and  some 
free  copper,  was  the  powder  speci¬ 
men.  The  Geiger  counter  pattern 
shows  superior  sensitivity,  greater 
resolution  and  a  much  lower  back¬ 
ground  level  at  the  smaller  Bragg 
angles,  yet  only  one-tenth  the  time 
of  the  photographic  exposure  was 
required  to  obtain  the  spectrometer 
data.  Equivalent  resolution  could 
be  achieved  photographically  with 
finer  beam  collimation,  but  only  at 
the  expense  of  increasing  the  ex¬ 
posure  by  another  factor  of  five  to 
ten.  The  spectrometer  measure¬ 
ments  consumed  little  more  time 
than  is  usually  spent  in  setting  up 
for  the  photographic  exposure  and 
in  processing  the  film. 

In  most  chemical  identifications 
by  the  powder  pattern  method,  only 
the  positions  and  relative  intensi¬ 
ties  of  the  strongest  lines  need  be 
determined.  This  information  is 
obtainable  by  rapid  scanning,  with 
rate  meter  observation.  For  quan¬ 
titative  analyses,  the  line  positions 
are  generally  known,  and  counts 
are  needed  at  only  a  few  points  to 
get  the  peak,  background,  and  half¬ 
maximum  intensities. 

Applications 

Paint  pigments  are  quickly  an¬ 
alyzed  for  relative  amounts  of  dif¬ 
ferent  crystal  forms.  An  analysis 
of  titanium  dioxide  white  pigment 
for  rutile  and  anatase  modifications 
can  be  completed  in  less  than  ten 


minutes,  with  an  accuracy  of  ^ 
one  percent. 

With  boiler  scale,  it  is  a  means 
of  identifying  many  silicate  and 
phosphate  scales  and  aids  in  de¬ 
termining  the  nature  of  chemical 
reactions  between  scale  products. 

In  studies  of  engine  wear  and 
lubrication  it  identifies  deposits  on 
filters,  valves,  bearings,  etc. 

For  ceramics  and  refractories,  it  - 
rapidly  checks  uniformity  of  raw 
material  supplies  and  fixed  prod¬ 
ucts. 

In  powder  metallurgy,  it  indi¬ 
cates  the,  degree  of  alloying  of 
metal  powder  mixtures  at  different 
sintering  temperatures. 

It  gives  a  measure  of  phase  con¬ 
stitution  of  alloys,  as  for  example, 
relative  amounts  of  martensite  and 
retained  austenite  in  heat-treated 
steels.  The  chemical  composition 
of  the  alpha  phase  of  brass  can  be 
determined  to  ±  one  percent  from 
a  simple  measurement  of  diffrac¬ 
tion  angle. 
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Gaseous  Rectifier  Circuits 

A  two-part  paper  presenting  voltage  and  current  wave  forms  of  commonly  used  rectifier 
circuits,  with  pertinent  equations,  in  convenient  form  for  reference.  Part  I,  herewith, 
covers  20  single-phase  circuits.  Part  II  will  cover  22  hi-phase  arrangements 


INDUSTRUL  electronic  control 
equipments  which  require  a  con¬ 
trollable  power  source  greater  than 
a  few  watts  and  smaller  than  a  few 
kilowatts  capacity  are  usually  in¬ 
corporated  with  a  controlled  recti¬ 
fier  arranged  for  single-phase  or 
bi-phase  connections.  Little  infor¬ 
mation  can  be  found  on  the  be¬ 
havior  of  these  rectifier  circuits. 
The  present  standard  textbooks  on 
rectifiers  are  more  or  less  centered 
on  the  polyphase  uncontrolled  recti¬ 
fiers  operated  under  the  so-called 
normal  mode  of  operation.  Al¬ 
though  a  considerable  number  of 
papers  in  technical  periodicals  have 
covered  single-phase  and  bi-phase 
rectifier  circuits,  most  of  them  deal 
with  uncontrolled  rectifiers.  Fur¬ 
thermore,  the  treatment  in  most  of 
these  papers  is  limited  to  one  or 


By  P.  T.  CHIN 

Industrial  Control  Engineering  Division 
General  Electric  Co. 

Schenectady,  N.  1’. 

"  a  few  types  of  load  circuits  only. 

The  diagrams  in  Part  I  were  pre¬ 
pared  with  a  view  to  covering  most 
of  the  commonly  used  single-phase 
rectifier  circuits,  while  those  in 
Part  II  do  the  same  for  bi-phase 
rectifier  circuits.  In  each  diagram, 
the  voltage  and  the  current  wave 
forms  at  different  parts  of  a  recti¬ 
fier  circuit  are  sketched  and  the 
analytical  solution  of  the  instan¬ 
taneous,  average,  and  rms  currents 
is  listed  whenever  the  analytical 
solution  is  not  too  complicated. 

Construction  of  voltage  and  cur¬ 
rent  wave  forms  is  presented  in  an 
AIEE  paper  entitled  “A  Graphical 
Analysis  of  the  Voltage  and  the 


Current  Wave  Forms  in  Controlled 
Rectifier  Circuits,”  by  P.  T.  Chip 
and  E.  E.  Moyer,  A.l.E.E.  Trans., 
63,  p.  501-8,  July,  1944. 
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TABLE  I.  REFERENCES  FOR  RECTIFIER  CIRCUITS 


Part  1:  SINGLE-PHASE, 
SINGLE-WAY 

Part  II:  BI-PHASE 

Pkanolron 

Thyralron 

Two 

phanotroni 

Two 

Ihyraliom 

Phanolron 

Biyralron 

1 

R 

Fij.1 

p.  3Mol(1) 
p.  3Sof(S) 
0.473  of  (3) 

Ht.8 

p.474of(3) 
P.488  of  (7) 

Fit.  91 
P.486  of  (3) 

Fit. 

96,  41  • 

Fit.  34 

L 

Fit.  8 

p.368o((1) 
0.  481  of  (3) 

Fit.  9 

p.  489  of  (3) 

■■ 

■ 

C 

Fit.  3 

p.  3Mof(1) 
P.476  of  (3) 

H 

■ 

1 

R«L  In  snrfes** 

Flf.4 

p.  16-08 

of  (4) 

p.  883  of  (5) 

Fit. 

10,11 

P.484  of  (3) 
p.  500  of  (8) 

Fit. 

88,  83 
p.  487  of  (3) 
p.  354  of  (9) 

Fit. 

35,  36, 

37 

R,C  In  paraUti 

Fit.  5,  6 
p.  369  of  (1) 
P.479  of  <3) 
p.  875  of  (9) 

Exjt  in  larins 

Fit.  13 
p.  476  of  (3) 

Fit.  89 
p.  100  of 
(19) 

Fit.  38 

Ea.L  in  ttritt 

Fit.  14 
p.  485  of  (3) 

E«,L-R  In 
Mrint 

Rt.7 

P.18  of  (6) 

Fit. 

15,16 

Fit. 
84,85 
P.19  of  (10] 
p.  354  of  (9] 

Fit. 

30,  31, 
38,  33 

Fit. 

39,40 

R,  L  in  paraUtI 

1  Fit.  80 
P.369  of  (1] 

R,L  In  mtIm 

C  In  pwnllnl 

Fit.  19 
p.  369  of  (i: 

^Invars#  Parallel  Circuit. 

**Ptianotron  9  Thyratron  =  Fig.  17,  18  =p.  18=05  of  (4). 


TABLE  II.  NOMENCLATURE 


Sm£JI  letters  stand  for  in¬ 
stantaneous  values 

Capital  letters  with  subscript 
stand  for  average  effective 
values 

Subscripts: 

s — ^Transformer  sec. 

/ — ^Tube 
L — Inductance 
R — Resistance 
C — Capacitance 
d — Rectifier  output 
B — Battery  or  cemf 
av — Average 
rms — Root  mean  square 
e  — Instant,  voltage 
e,  — ^Transformer 

secondary  voltage 
ct  — ^Tube  voltage  (ch  for 
1st  tube,  etc.) 

Cpf  — Peak  forward  volt. 
eu  — Initial  inverse  volt. 

Bpi  — Peak  inverse  volt. 

Cl  — Inductance  volt^e 
Be  — Resistance  voltage 
B  c  — Capacitance  voltage 
Bd  — Rect.  output  volt. 


E  — Specific  voltage 
(E)  av. — Average  voltage 
(i?)rms — RMS  voltage 
Eb — Battery  voltage  or 
counier  emf 

Et  — Peak  value  of  trans¬ 
former  sec.  volt. 
i  — Instant,  current 
id  — rect.  output  curicnt 
ipd  — Rectifier  output 
peak  current 
it  — ^Tube  current 
itp  — Tube  peak  current 
it  — Current  through  L 
i«  — Current  through  B 
ic  — Current  through  C 
I — Specific  currents 
(I)  av — Average  cur. 

(I)  rms — Root  mean 
square  current 

Of  — Firing  angle 
$e  — Extinction  angle 
dc  — Conduction  angle 

=  de  -  0/ 

4>  — P-F  angle 
u  — Angular  speed  in 

radians  per  sec  ( =  2rf) 
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NATURE  OF  LOAD:  R  C  IN  PARALLEL 
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SINOLE  PHASE 
CONTROLLED  RECTIFIER 


NO.  OF  tubes:  i-thyratron 


NATURE  OF  LOAD  R,  Eb  IN  SERIES 


SINGLE  PHASE 
CONTROLLED  RECTIFIER 


NO.  OF  TUBES:  I  PHANOTRON.  I  TWRATRON 


“2RO"  ANODE  CIRCUIT 
NEUTRAL  ANODE  CIRCUIT 
'FREE  WHEEUNG”  CIRCUIT 


FIG.  17 


SINGLE  PHASE 
CONTROLLED  R 


SINGLE  PHASE 
UNCONTROLLED  RECTIFIER 


NATURE  OF  ljOA[>  Ri-L  «N  fVVRALLEL  WITH  C 


R  *0,  L  C*i 

FIG.  19 
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DESIGN  of  L-C 
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Proper  operation  of  many  elec¬ 
tronic  circuits  depends  upon 
the  relative  phase  relation  of  volt¬ 
ages  in  associated  circuits.  To  ob¬ 
tain  the  required  phase  relation 
some  form  of  phase-shift  net-work 
is  used.  If  the  current  drain  is' 
small,  simple  R-C  networks  are  ade¬ 
quate;  but  where  the  current  is 
large,  special  equipment  is  re¬ 
quired,  such  as  a  three  phase  source 
with  isolating  transformers  for  the 
selective  mixing  of  the  phases. 

The  familiar  T-section  L-C  high- 
pass  filter  can  be  used  for  such  re¬ 
quirements,  but  the  calculations  are 
laborious.  The  following  analysis 
simplifies  this  design  problem,  with¬ 
out  the  inaccuracy  of  assuming  an 
infinite  Q  for  the  coil  to  be  used  in 
the  filter. 


Filter  CircMit  Equations 

We  will  assume  a  sinusoidal  in¬ 
put  voltage  which  originates  in  a 
source  of  negligible  internal  im¬ 
pedance  compared  to  the  input  im¬ 
pedance  of  the  loaded  phase-shift 
network,  and  also  assume  that  the 
network  load  is  a  linear  element 
without  reactance.  If  Ci  =  C,  =  C 
in  Fig.  1,  application  of  a-c  theory 
gives  the  complex  expression 

6{[a6(a-l)-|-c(6c-l)] 
e,  -f-j(a(2a-l)-fc(5-|-2c)]|  (D 

e.„  ~  [(2a-l)-l-6c]*  +  lb(a-l)-2cP 

where  a  =  oj*LC 
b  =  uCR 
c  =  uCt 

From  Eq.  (1)  we  obtain  an  expres¬ 
sion  for  the  angle  0  by  which  e» 
leads  e,„. 


‘Forbiddtn  ^ 
ton*  - 

'fornmj  _  ■ 


U  as  ^4  as  ,  ai 


Likewise  we  obtain  the  attenuation 


Charts  ior  use  in  design  of  leading  phase-shift  networks 
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Phase-Shift  Networks 

Graphs  facilitate  design  of  filter-type  phase-shift  networks  used  in  circuits  handling  large 
power.  Required  voltage  and  current  ratings  for  components  are  determined  analyti¬ 
cally.  Technique  is  applied  to  phase-lead  filters  using  finite-Q  coils 


factor  F  which  is  the  absolute  value 
of  the  ratio  given  in  Eq.  (1). 

j,  _  £*  _  •  b->la^  +  c* _ 

«in  “  Vl(2a-l)+6cp  +  l6(a-l)-2cl* 

(3) 

The  quantities  $  and  F  are  thus 
functions  of  three  independent  var¬ 
iables  a,  b,  and  c,  and  can  be  plotted 
in  three-dimensional'  space  as  con¬ 
tour  surfaces.  If  we  cbnfine  our  at¬ 
tention  to  planes  parallel  to  the  a-c 
plane  in  this  Orb-c  space,  the  inter¬ 
sections  of  both  the  9  and  F  con¬ 
tour  surfaces  with  these  constant-6 
planes  give  a  family  of  circles 
which  is  very  easy  to  plot.  Further¬ 
more,  it  can  be  shown  that  the  F 
circles  form  an  orthogonal  family 
with  the  9  circles.  Rearranging 
Eq.  (2)  gives  Eq.  (4)  from  which 
circles  for  a  discrete  set  of  values 
of  9  can  be  plotted  in  each  con¬ 
stant-6  plane. 

r  1  —  6  tan  i  P  i  ®  "I* 

L“  12(2-6tana>J  •2(2-6tan9)J  “ 

rV(l-htah«g).(l  +  6»)-|«  ... 

L  2(2  —  b  tan  fl)  J  ^  ' 

Similarly,  •  rea^^^ging  Eq.  (3) 
gives  Eq.  (6)  for  the  F  circles. 

r  2  +  6*  ’  .1*  , 

[‘'■^4  +  6*(P.-  l)/p]  ” 

[-  6Vt^  -I*  • 

b’l4  +  6*(F*.- 1)/F*]J 

Equations  (4)  and  (5)  are  each 
in  the  form  (a  —  a)*  +  (c  —  y)*  = 
the  equation  of  a  circle  with 
center  (a,  y)  and  radius  r.  The  lo¬ 
cus  of  the  centers  (a,  y)  of  the  F 
circles  is  a  straight  line  in  each  6 
plane  whose  equation  is  6a  +  (6*  + 
2)y  =  0  where  a  and  y  are  obtained 
from  Eq.  (5). 

The  locus  of  the  centers  of  the  9 
circles  is  also  a  straight  line  (6*  + 


tah«g).(l  +  6«)T 
-bt&ne)  J 


2)  a'  —  by'  =  (1  +  6-)/2  where  the 
parameters  a'  and  y'  are  coordinates 
of  the  centers  of  circles  obtained 
from  Eq.  (4). 

By  analytic  geometry  it  is  shown 
that  these  two  straight  lines  are 
mutually  perpendicular  at  the  point 

f  \  (  +  2  -6  \ 

=  ^2(6* +  4)  *2(6* +  4)/ 

These  geometrical  relations  are 
the  property  that  makes  it  easy  to 
plot  the  contour  circles  of  9  and  F 
on  the  various  constant-6  planes. 
Such  planes*are  given  for  values  of 
6  equal  0.5,  1.0,  and  2.0. 

On  these  same  constant-6  planes 
other  useful  lines  can  be  drawn  by 
taking  various  ratios  of  a,  6  and  c. 
Thus  a/c  =  Q  =  L/r  is  the  equa¬ 
tion  of  a  family  of  straight  lines 
through  the  origin. 

Dctigii  Safety  Factor 

By  applying  a-c  theory  to  the  net¬ 
work,  safety  factors  are  calculated 
and  given  by  the  following  rela¬ 
tions. 

l(a-l)(2a-l-6*)  +  2c(6  +  c)l 

-il6(a*  +  c*)+c(6«  +  l)]  (6) 
ei.  “  ((2o-l)  +  6c]*  +  (6(o-l)-2cl» 

(a(2a-l)+c(6  +  2c)] 

—  j[o6(a— 1) -l-c(6c— 1)1  (7) 
C,  "l(2a-l)  +  6cl*  +  l6(a-l)-2cl* 

V[e  (6* + 2) + o61* +t(2o- 1)  -  6c  +  6»(o- 1)]* 
K2a-l)  +  6e]*  +  l6(a-l)-2cl* 

(8) 

These  safety  factors  should  al¬ 
low  for  extreme  conditions  as  well 
as  for  normal  operating  conditions. 
It  turns  out  that  greatest  voltage 
strain  appears  across  Ci  if  the  load 
comes  open,  or  analytically  if  6  be¬ 
comes  infinite.  Under  this  condi¬ 
tion  Eq.  (6)  simplifies  to 

[eei/ein!  =  n  =  1/V(a  -  1)*  +  c*  (9) 


Rearrangement  of  Eq.  (9)  gives 
an  equation  for  a  circle  which 
bounds  a  forbidden  zone  of  opera¬ 
tion.  This  boundary  is  given  by 
(a  —  1)*  +  c*  =  (1/w)*.  One  such 
forbidden  zone  boundary  for  w  =  3 
has  been  plotted  on  the  6  planes. 

lllHstratiy*  Deiign 

As  an  example  of  the  application 
of  this  analysis,  .suppose  that  we 
wish  to  shift  the  phase  of  the  fila¬ 
ment  voltage  of  a  250TH  tube  by 
120  degrees.  The  value  of .  the  ele¬ 
ments  in  the  phase  shifter  will  be 
more  reasonable  if  the  shifting  is 


.  .  '3 


FIG.  1 — Either  on  unbolancod  (o)  or  a 
boloncod  (b)  biqb-poM  lUtor  can  b*  nsod 
to  inirodoco  a  loadinq  pboM  ihUt 


FIG.  2 — Application  of  phoso  thifting  to 
filomont  supply 
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accomplished  in  the  primary  circuit 
of  the  filament  transformer  as  il¬ 
lustrated  in  Fig.  2. 

As  a  starting  point  in  the  design, 
the  coils  available  for  the  phase 
shifter  were  considered.  One  had 
the  parameters  L  =  0.173  ;  r  =  17 
ohms  at  60  cps,  hence 

0  *  (377  X  0.173)/17  =  3.S4  =  a/c  (10) 


With  the  filament  transformer  to 
be  used — ^a  12-volt  secondary — 67.5 
volts  at  1.1  amp  was  required 
across  the  primary  to  supply  the  7.5 
volts  for  the  filament,  and  therefore 
the  apparent  load  would  he  R  = 
67.5/1.1  =  61.86  ohms,  whence 


r/B  =  17/61.36  =  0.277  =  c/6 

<w  c  *  0.^76 

(11) 

uLfK  =■  a/6  =»  1.065 

or  a  »  1.0656 

(12) 

Only  two  of  the  three  expressions 
in  Eq.  (10),  (11)  and  (12)  are  in¬ 
dependent,  the  third  being  deriv¬ 
able  from  the  other  two.  Conse¬ 
quently  we  now  have  three  inde¬ 
pendent  conditions  to  harmonize, 
namely  6  =  120*;  Q  =  3.84:  and 
either  a  =  1.065  b  or  c  —  0.2776. 

We  are  to  find  the  value  of  6  that 
will  provide  the  solution  of  our 
problem.  Referring  to  the  planes 
where  6  =  0.5  and  6  =  1.0,  we  find 
that  the  9  =  120  degrees  circle 
crosses  the  Q  =  8.84  line  at 

6  =  0.5  6  =  1 .0 

o  =.  0.713  a  -  0.732 

c=.  0.185  c=- 0.190  (13) 

Applying  the  condition  that  6  = 
a/1.065  to  these  points,  we  derive 
the  following  values  corresponding 
to  the  values  of  a  in  Eq.  (13). 

a  -  0.713  a  -  0.732 

b  -  0.669  b  -  0.687 

Neither  of  these  values  agrees 
with  the  value  of  6  for  the  plane 
from  which  it  was  derived.  How¬ 
ever,  we  note  that  6  =  0.669  is  ap¬ 
proximately  as  much  greater  rela¬ 
tively  than  6  =  0.5,  as  6  =  0.687  is 
less  than  6  =  1.0.  Since  the  120-de¬ 
gree  circles  are  intersections  of  a 
continuous  surface  with  successive 
6  planes,  the  120-degree  circle  in 
the  proper  6  plane  would  intersect 
the  Q  =  3.84  line  somewhere  be¬ 
tween  these  two  points.  This  prin¬ 
ciple  of  continuity  indicates  that 
the  proper  6  plane  lies  between 
0.669  and  0.687.  In  fact,  to  a  first 
approximation,  interpolation  as  in¬ 
dicated  above  places  it  approxi¬ 
mately  midway  between  these 
values,  giving  a  =  0.7225  and  c  = 


FIG.  3 — Grophical  interpolation  is  used  to 
determine  the  attenuation  factor  F  from  the 
Tolue  of  b  obtained  from  the  charts 


FIG.  4 — Low-pass  filter  is  used  to  intro¬ 
duce  a  pheue  log 


0.1875.  From  these  values  and  Eq. 
(11)  and  (12)  we  find  that  6  = 
0.6778. 

An  alternative  algebraic  method 
for  solving  for  the  correct  value  of 
6  is  to  substitute  the  values  tan  0 
=  tan  120*  =  -1.7321,  a  =  1.0656, 
and  c  =  0.2776  in  Eq.  (2)  and  solve 
the  resulting  quadratic  equation 
for  6.  One  of  the  two  answers  is 
negative  and  manifestly  spurious, 
but  the  other  is  6  =  0.6801,  from 
which  we  obtain  a  =  1.0656  = 
0.7245,  and  c  =  0.2776  =  0.1883. 

The  graphically  determined  val¬ 
ues  agree  within  0.5  percent  with 
the  algebraically  determined  values. 
This  algebraic  method  is  probably 
as  easy  to  perform  as  the  graphical 
one.  Both  are  presented,  however, 
because  of  the  vivid  way  in  which 
the  graphical  method  shows  the  in¬ 
terrelations  of  the  various  quan¬ 
tities. 


It 

0  61.. 36  <» 

0..37.3  1.1. 3«  2.9« 

^in 

1.270  1.010  0 

Cin 

//. 

2.003  1.755  3; 15 

Table  I — ETaluation  of  scdety  factors  for 
uae  in  determining  the  Toltoge  rating  of 
the  capacitors  and  current  and  power 
ratings  of  inductor  used  in  the  phase 
shifter  of  Fig.  2 


To  determine  the  value  of  F  to 
be  used,  we  can  interpolate  by  plot¬ 
ting  F  at  (o,  c)  =  (0.7225,  0.1875) 
— using  the  values  of  a  and  c  ob¬ 
tained  graphically — ^and  the  values 
of  6  for  which  the  charts  are  plot¬ 
ted.  This  interpolation  is  carried 
out  graphically  in  Fig.  3.  For  the 
previously  determined  value  of  b 
we  find  that  F  z=  0.63. 

Choic*  of  Compoaonts 

The  required  value  of  e*  is  67.5 
volts,  therefore  e„  =  e*/F  =  107 
volts.  Also  C  b/(tiR  =  0.6778/377 
X  61.36  =  29.35  X  10^  farads.  The 
.safety  factors  are  also  evaluated 
for  use  in  specifying  the  compon¬ 
ents,  and  are  given  in  Table  I. 

The  maximum  voltage  required 
of  the  capacitors  will  be  2.98  X  107 
\/2  =  452  volts.  The  current-hand¬ 
ling  ability  of  the  coil  must  be  1.755 
amp,  and  its  power  dissipation  must 
be  /,,V  =  52.2  watts. 

The  unit  was  built  from  these 
specifications  and  is  serving  its 
purpose  very  well.  The  assumption 
that  the  load  contain  no  reactive 
component  was  not  rigorously  true; 
the  internal  impedance  of  the  gen¬ 
erator  was  not  completely  neglig¬ 
ible,  but  the  phase  shift  which  was 
obtained  was  near  enough  to  the 
required  value  to  accomplish  the 
purpose  for  which  the  shifter  was 
designed. 

Eit«aaio«  fo  Pha«e-Lag  CircMft 

A  very  similar  treatment  is  pos¬ 
sible  for  the  phase-lag  circuit 
shown  in  Fig.  4.  In  this  case 

e  =  -  g)  +  c  (b  -h 

'a  -  1)  (fc  -1-  2c) 


V((o-l)(6  +  2c)(*  +  [o(2-a)-f  c(6  +  c)I* 

As  before,  we  assign  parametric 
values  of  H  and  F  in  these  equa¬ 
tions,  but  the  resulting  curves  in 
the  constant  6  planes  are  not  cir¬ 
cles  and  therefore  are  difficult  to 
plot.  However,  once  constructed, 
their  application  is  the  same  as  for 
the  phase-lead  circuit.  Likewise  the 
algebraic  method  of  solution  de¬ 
scribed  in  discussing  the  phase-lead 
circuit  is  equally  applicable  to  the 
phase-lag  circuit.  The  equation  in 
b  resulting  from  the  substitutions 
is  linear  and  correspondingly  easier 
to  solve  in  the  latter  case. 
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From  the  early  pioneering  days  of  rapid  develop¬ 
ment  Cinch  has  led  the  field  in  laminated  terminal 
strips,  both  in  quantity  and  variety,  so  it  was  natural 
that  for  specialized  electronic  equipment  we  should 
again  lend  our  flexibility  and  experience  in  the  man¬ 


ufacture  of  molded  terminal  strips.  The  illustration 
is  one  of  a  series  of  molded  terminal  strips  so  de¬ 
signed  as  to  provide  a  variety  of  lengths,  mount¬ 
ing  centers  and  combinations  of  lugs.  Development 
Engineers— we  suggest  you  write  for  actual  samples. 


CINCH  Fasteners  *  AUbfoture  Sockets 
Rller  Necks  if  Octal  Sockets  if  Lugs 
terminal  Strips  if  Metal  Stampings 

^ECTRONICS  — /pri7  1945 


MANUFACTURING  CORPORATION 

2335  W*st  Van  Bur*n  S(ra«t,  Chicago  12.  Illinois 

Subsidiary  of  UNITED-CARR  FASTENER  CORPORATION,  Cambridgt.  Mats. 


147 


Hyperbolic  Chart 


Conversion  of  hyperbolic  tangent  and  cotangent  of  complex  propagation  constant 
y  =  ®  to  rectangular  coordinates  simplifies  transmission-line  impedance  calculations 


Chart  ior  obtaining  tronmisBion-line  impodonco  R-|-iX 
irom  hyperbolic  function  of  propagotion  conitant 


IN  DEALING  with  transmission- 
line  problems,  both  communi¬ 
cations  and  power  engineers^  ^ve 
occasion  to  use  hyperbolic  ^  f  uh«- 
tions.  The  most  commonly  encount¬ 
ered  are  the  tangent  and  cotangent, 
which  ^late  the  short-circuit  and 
open-circuit  impedance  to  the  char¬ 
acteristic  impedance  and  propaga¬ 
tion  function  in  the  familiar  ex¬ 
pressions 

Z,t  =  Zo  tanh  y  L 
Z,,  =  Zo  coth  Y  L 
Since  •fL  is  a  complex  quantity, 
calculation  of  its  hyperbolic  func¬ 
tions  involves  considerable  time 
and  effort.  The  accompanying  chart 
affords  a  simple  means  of  evalu¬ 
ating  the  tanh  and  coth  of  y  =  »  + 

The  group  of  circles  marked  in 
degrees  represents  the  imaginary 
part,  while  the  other  group  cor- 


By  PERRY  R.  WARE 

Bimplem  Wire  and  Cable  Company 
Cambridge,  Maae. 


responds  to  the  real  part,  a.  In  or¬ 
der  to  use  the  chart,  the  following 
procedure  should  be  followed: 

Add  or  subtract  multiples  of  180 
degrees  to  the  imaginary  part,  jg, 
of  the  complex  angle  until  the  re- 


Value 
of  /3  in 
degrees 

Function 

Value 
of  b  in 
degrees 

Sign 
of  X 

0  to  90 

tanh 

/3 

+ 

coth 

90-0 

90  to  180 

tanh 

180-0 

_ 

coth 

0-90 

+ 

Table  1 — Relation  of  lign  of  X  and  Tcdue 
of  b  to  mognitnde  of  P  ' 


mainder  is  positive  and  less  than 
180  degrees. 

Determine  the  value  of  5  from 
Table  I. 

Determine  the  rectangular  co¬ 
ordinates  at  the  point  of  intersec¬ 
tion  of  the  proper  b  circle  with  the 
a  circle  corresponding  to  a.  For  the 
rectangular  coordinates  so  deter¬ 
mined,  R  is  always  positive;  the 
sign  of  X  is  determined  from  the 
last  column  of  Table  I. 

The  following  examples  illustrate 
the  use  of  the  chart  and  Table  I. 
In  each  example  a  =  0.13  and  h  = 
86  degrees. 

ZJZo  =  tanh  (0.13  +  j266“) 

=  tanh  (0.13  +  j86")  =  6.0  +i3.2 
=  tanh  (0.13  -1-  i274») 

'  =  tanh  (0.13  -1-  j94“)  =  6.0  -  i3.2 

ZoclZ.0  =  coth  (0.13  +  il84°) 

=  coth  (0.13  +  i4®)  =  6.0  -  i3.2 
Zoc/Zo  =  coth  (0.13  +  i3W°) 

=  coth  (0.13  -l-il76")  =  6.0  -}- j3.2 
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ELECTRONICS  REFERENCE  SHEET 


MALLORY 

Heavy-Duty 

CONTACTS 

Carry  3,000  Ampe 
at  15,000  Volts 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


U.S.  Pat.  Off.  Jar  timtric  contorting  elements. 


TYPICAL  PHYSICAL  PROPERTIES 
OF  ELKONITE  3W3 

Denaity:  (m.-cc .  13.6 

Iba.-cu.in .  .49 

Conductivity,  %  1.A.C.S .  30.35 

llarducM,  Rc^well  B .  85*92 

Tensile  Strength,  psi .  80,000  | 

Cross  Breaking  Strength,  psi .  130,000  I 

Other  grades  of  Elkonite  are  available  with  properties  adapted 
to  practically  all  heavynluty  contact  appli^tions. 


iJl 


Mallory  engineering  "know-how”  for  solving  contact 

Croblems  covers  the  range  from  these  large  circuit 
reaker  applications  to  the  most  minute  silver  or  tung¬ 
sten  contacts  for  small  relays,  electronic  and  auto¬ 
motive  controls. 


Consult  Mallory  while  your  electronic  or  electrical  proil- 
uct  designs  are  being  blueprinted.  It  pays  to  come  to 
Mallory — Contact  Headquarters — for  experienced  engi¬ 
neering  help,  the  widest  selection  of  contact  and  contact 
backing  materials,  and  the  most  complete  manufacturing 
facilities  in  the  industry. 


Write  today  for  your  c<my  of  the  Mallory  contact  cata¬ 
log.  The  New  Mallory  Contact  Data  Book  will  be  sent 
gratis  to  engineers  when  requested  on  company  letter¬ 
head.  Available  to  students,  libraries  and  schools  at 
$2.50  per  copy,  postage  pmd. 


Thousands  of  Mallory  Contacts  are  giving  depend¬ 
able  performance  and  long  life  in  oil  and  air  circuit 
breakers  for  heavy  power  applications.  The  heavy-duty 
contacts  illustrated  are  required  to  interrupt  and  carry 
3,000  amperes  at  15,000  volts,  in  a  giant  oil  circuit 
breaker.  To  meet  these  requirements  calls  for  contacts 
that  are  plenty  rugged ! 


A  "plug-and-socket”  type  of  contact  assembly  is  used.  To 
carry  the  heavy  current,  contact  surfaces  of  Elkonite* 
3W3,  a  Mallory  refractory  metal  composition,  have  been 
specified  on  the  recommendation  of  experienced  Mallory 
contact  engineers.  The  plug  is  made  of  copper  with  a 
complete  cover  of  Elkonite  on  the  contacting  surface. 


The  socket  is  also  made  of  copper,  with  an  insert  of 
Elkonite  at  the  contact  point.  In  the  actual  installation, 
the  socket  is  cut  into  several  segments,  each  mounted 
on  a  spring. 
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INDUSTRIAL  CONTROL 


BuUtoIn  □ectroidc  Control  on  Milling  Machine .  150 

Unusual  Methods  of  Applying  Electronic  Heat .  150 

Wave-Form  Demonstrator  for  Controlled  Rectifier  Circuits. . .  154 

Mercury  Vapor  Detector  for  Plants .  176 

>  Dielectric  Heating  in  Woodworking  Industry .  180 

•  Production  Testing  of  Swivel  Joints .  184 


Built-in  Electronic  Control  on  Milling  Machine 

By  combining  the  best  features  of  each  successive  tin.  However,  the 
electronic  and  hydraulic  control,  automatic  electronic  feed  control 
Sundstrand  Machine  Tool  Company  keeps  the  fragile  cutter  loaded  to 
has  designed  and  built  a  special  full  capacity.  If  the  cut  becomes 
machine  for  milling  the  circular,  light,  the  rate  of  feed  increases, 
partial  and  dome  fins  on  a  forged  and  if  the  cut  becomes  heavy,  the 
aluminum  airplane  cylinder  head,  rate  of  feed  decreases.  The  rate  of 
The  one  machine  handles  in  two  feed  varies  automatically  within  a 
operations  the  milling  of  the  same  range  of  6  in.  to  60  in.  per  minute, 
number  of  fins  which  formerly  re-  with  the  actual  rate  depending 
quired  four  machines  and  four  sep-  upon  the  depth  of  cut  and  horse- 
arate  operations.  •  power  consumed. 

Actually,  the  milling  of  the  cir-  The  machine  has  a  complete  auto- 


A  combination  oi  electronic  and  hydraulic  controls  on  this  one  Sundstrand  cylinder- 
head  fin  miller  permits  cutting  the  same  number  oi  firm  as  formerly  required  four 
machines.  During  the  milling  operation,  the  work  is  totally  enclosed  as  shown  in 

the  insert 

cular  and  partial  fins  is  done  in  one  matic  cycle  after  loading  and  an 
operation.  The  milling  of  the  dome  operator  could  run  more  than  one 
fins  requires  a  change  in  the  cams,  machine  if  desired.  There  is  no 
the  cutter  and  the  work-holding  fix-  waste  motion  or  cutting  of  air  un- 
ture.  der  the  irregular  cutting  since  ad- 

The  path  followed  by  the  cutter  justments  are  positive  and  the  cut¬ 
is  very  irregular  and  constantly  ter  can  be  set  to  rapid  approach  to 
changes  in  shape  and  depth  for  within  in.  of  each  fin. 


Unusual  Methods  of  Apply¬ 
ing  Electronic  Heat 

By  E.  D.  Tiulson 

t'ommoHV>eulth  Kdiitun  Vomftanu 
Chicago 


Some  time  ago  it  was  announced  to 
industrial  customers  of  Common¬ 
wealth  Edison  Company  that  induc¬ 
tion  and  dielectric  heating  units 
had  been  obtained  through  the  cour¬ 
tesy  of  equipment  manufacturers 
for  running  heat  trials.  Plant 
managers  were  invited  to  bring  in 
any  product  within  reason  for  test. 

The  result  was  surprising.  Hog 
medicine,  armatures,  chicken  feath¬ 
ers,  popcorn,  golf  clubs,  peanuts, 
and  surgical  sutures  are  only  seven 
examples  from  a  list  of  over  200 
heterogeneous  processed  or  semi- 
processed  materials  that  were 
brought  in  for  electronic  heating 
tests.  Some  of  the  methods  that 
were  developed  for  applying  elec¬ 
tronic  heat  to  various  articles  in 
production  are  described  in  the  fol¬ 
lowing  case  histories. 

Figure  1(a)  shows  how  an  irreg¬ 
ularly  shaped  metal  strap  was 
heated  locally  at  points  where  it 
was  later  to  be  folded  into  a  final 
assembly.  The  temperature  re¬ 
quired  was  700  deg.  F.  The  job 
was  accurately  done  in  16  seconds. 

The  next  illustration.  Fig.  1(b), 
.shows  a  powdered  metal  ring  in 
which  diamond  particles  are  em¬ 
bedded.  The  problem  was  to  sinter 
the  metal  to  form  a  grinding 
wheel.  The  required  temperature, 
1400  deg  F,  was  attained  in  10  sec¬ 
onds.  Unfortunately,  the  customer 
involved  in  this  experiment  did  not 
have  the  proper  mold  material  for 
so  high  a  temperature  and  it  disin¬ 
tegrated.  However,  he  was  satisfied 
that  the  application  is  a  sound  one, 
and  is  now  making  up  molds  from 
albarene. 

Collapsible  metal  tubes  such  as 
shown  in  Fig.  1(c)  are  filled  with 
tooth  paste,  ointment,  etc.,  and  are 
then  sealed  by  folding  and  crimp¬ 
ing  at  the  bottom.  A  certain  per¬ 
centage  of  these  folds  later  open  up 
and  the  ointment  comes  out  the 
wrong  end.  This  was  stopped  by 
coating  the  inner  metal  surface 
with  a  plastic  bonding  film,  folding, 
and  heating  to  260  deg  F  by  * 
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single-turn  coil  and  loose  coupling,  is  used  for  gas  mantles,  high-tem-  a  heavy  sheet-metal  cylinder  en- 

The  time  required  was  only  one  perature  tubes,  beakers,  etc.  The  closing  a  sand  mold.  A  polystyrene 

second.  laboratory  was  called  upon  to  fuse  pattern  is  used  instead  of  wood. 

this  oxide  at  5,000  deg  F.  Several  The  styrene  is  melted  out  by  induc- 

^  methods  were  tried  and  one,  illus-  tion  heating  applied  to  the  metal 

The  production  for  that  particu-  trated  in  Fig.  1(d),  was  finally  de-  cylinder  and  steel  is  injected  into 

lar  customer  was  17,000  tubes  per  veloped  which  appears  thoroughly  the  cavity  by  centrifugal  force, 

day.  No  doubt  the  job  can  be  done  practical.  This  involves  the  use  of  Accurate  castings  requiring  no 

faster,  but  the  unfolded  portion  of  a  special  coil  of  six  turns,  3  inches  subsequent  machining  are  pro¬ 

duced  in  very  high  carbon  steels, 

fii  ■  —  II  11..  .1  I  I  stainless  steel,  or  almost  any  metal 

desired.  A  slow  rate  of  heat  is  re¬ 
quired  at  the  start  to  prevent  ex¬ 
cessive  moisture  and  alcohol  in  the 
sand  mix  from  exploding  the  mold. 
On  these  particular  samples,  the 
ideal  seemed  to  be  four  one-minute 
cycles  separated  by  one-minute  in¬ 
tervals.  The  method  formerly  used 
required  from  li  to  li  hours  to 
melt  out  the  styrene.  Considerable 
experiment  has  been  done  on  sand 
cores  and  sprue  plugs.  Both  opera¬ 
tions  appear  quite  feasible  and 
desirable. 

Impregnation 

In  drying  a  small  armature,  pre¬ 
heating  with  induction  heating  was 
done  before  dipping  it  into  insulat¬ 
ing  varnish.  Afterwards  it  was 
baked  by  induction  heating  at  240 
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Fig.  1 — Shenie  of  coil  used  to  hoot  two  spoti  on  a  meted  strap  for  later  bending, 
(o)  Powdered  metal  ond  embedded  diamond  chips  for  a  grinding  wheel  ore  shown 
ot  (b).  At  (c)  is  o  coUopsible  metal  tube  reody  for  seoling  by  induction  heating. 
An  orrangement  for  fusing  thoriiun  oxide  in  o  corbon  crucible  is  shown  ot  (d) 


the  tube,  made  of  very  thin  lead,  is 
hard  to  handle. 

Some  attempts  have  been  made 
to  heat  the  crimping  dies  by  gas 
heat  or  other  means,  but  there  is  a 
tendency  for  the  lead  to  stick  to 
the  heated  die  so  that  the  fold 
opens  up  as  the  dies  are  retracted. 
With  induction  heat,  no  physical 
contact  is  needed  and  this  is 
avoided. 

Collapsible  tubes  are  painted  and 
printed  by  the  “roll-on”  process. 
For  drying  the  paint,  the  tubes 
were  placed  on  a  series  of  steel 
rods.  The  tubes  are  open  at  the 
bottom  and  the  paint  on  the  out¬ 
side  of  the  tube  is  dried  by  heat 
dissipated  from  the  steel  rod  on 
the  inside.  .Using  electronic  heat¬ 
ing,  the  drying  time  is  two  minutes 
with  the  rod  heated  to  400  deg  F. 
Convection  oven  heating,  the  alter¬ 
native  process,  required  20  min¬ 
utes  for  the  base  coat  and  20  min¬ 
utes  for  the  overprint. 

Thorium  oxide  is  a  chemically 
pure  precipitate,  white  in  color.  It 


in  inside  diameter,  embedded  in  a 
six-inch  hard  glass  container  to¬ 
gether  with  a  carbon  crucible  two 
inches  in  diameter  and  three  inches 
high  containing  the  oxide  to  be 
fused. 

The  space  between  the  outside  of 
the  crucible  and  the  walls  of  the 
outer  container  are  also  filled  with 
thorium  oxide  packed  around  the 
coils  as  a  heat  insulator.  Its  insu¬ 
lating  value  when  used  in  this  man¬ 
ner  is  very  high.  A  2-ounce  load  of 
thorium  within  the  crucible  is 
fused  in  14  minutes.  The  only 
known  alternative  is  electric  arc 
fusing  of  very  small  quantities, 
which  is  a  relatively  tedious  and 
uncertain  method  and  is  also  be¬ 
lieved  to  be  wasteful  of  thorium. 

Centrifugal  Casting 

Illustrated  in  Fig.  2(a)  is  a  mold 
for  centrifugal  casting  of  steel 
parts.  Many  plant  engineers  are 
acquainted  with  ordinary  centrif¬ 
ugal  casting,  but  this  operation 
has  some  new  features.  It  employs 
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Fig.  2 — ^A  mold  for  centrifugal  casting 
of  steel  parts  is  shown  ot  (o)  and  o 
method  of  heot-treatlng  ond  quenching 
mognets  at  (b) 


deg  F.  A  six-turn  coil  was  used. 
One  minute  was  required  for  pre¬ 
heat,  and  for  baking,  two  minutes 
with  power  on,  which  brought  the 
piece  to  curing  temperature  after 
which  baking  occurred  from  re¬ 
sidual  -heat.  This  is  in  contrast 
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wompact  and  light  in  weighty  this 
Westinghouse  Power  Center  Unit 
means  new  speed  and  efficiency  in 
power  installation.  This  easily'han- 
died  '^package  power”  can  be  located 
at  the  actual  load  center  to  simplify 
wiring  problems  and  effect  savings  of 
up  to  75%  in  secondary  cable  require- 
ments. 

Lindsay  Structure^  modern  method 
of  light  metal  construction,  contrib¬ 
utes  to  the  unusual  lightness  and  com¬ 
pactness  of  the  power  center  unit. 
Utilizing  the  principle  of. uniform 
tensioning  to  provide  a  unique  high 
strength-weight  ratio,  Ls  makes  addi¬ 
tional  supports  unnecessary  even  in 
housings  for  heavy  machinery.  And 
Ls  units  leave  the  equipment  they 


ffniitfy  Structure  Houses^Mfestiughouse 

This  shirdy,  attracrive,  pre-formed  structure  availaUe  in  steel 


house  readily  accessible  with  the  re¬ 
moval  of  the  nearest  panel. 

Parts  for  Lindsay  Structure,  availa¬ 
ble  in  steel  or  non-magnetic  alumi¬ 
num,  are  pre-formed  to  your  individ¬ 
ual  requirements.  A  new  war  service 
also  makes  it  possible  to  furnish  com¬ 
pletely  or  partially  assembled  units— 
ready  for  the  installation  of  your  ma¬ 
chinery  or  equipment— anywhere  in 
the  United  States. 

Check  the  possibilities  of  Lindsay 
Structure  as  a  cabinet  or  housing  for 
your  product.  Write  to  Lindsay  and 
Lindsay,  222-D  W.  Adams  St.,  Chicago 
6,  III.;  or  60  E.  42nd  St.,  New  York  17, 
N.Y.;  or  to  Lindsay  Structure  (Canada) 
Ltd.,  Dominion  Square  Building,  Montreal. 
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In  t\<iry  case,  heating  before 
impregnation  increases  the  depth  of 
penetration  and  heating  after  im¬ 
pregnation  prevents  case-harden¬ 
ing,  brought  about  by  premature 
surface  hardening.  A  great  many 
of  these  jobs  can  best  be  done  by 
high-frequency  heating. 

The  magnets  in  Fig.  2(b)  re¬ 
quired  heating  to  1700  deg  F  and 
oil  quenching.  This  was  accom¬ 
plished  in  131  seconds,  as  contrasted 
with  16  minutes  in  a  convection 
oven. 

In  the  manufacture  of  golf  clubs, 
a  bond  was  needed  between  the 
steel  head,  weighing  between 
and  10  ounces,  and  the  steel  shaft 
of  the  golf  club.  The  tapered  hole 
in  the  head  had  been  previously 
coated  with  polyvinyl  acetate.  The 
head  was  heated  to  350  deg  in  one 
second  and  a  very  severe  torsional 
test  was  applied.  This  method  is 
now  in  regular  use.  The  bond  has 
been  pronounced  unbreakable,  and 
there  is  no  discoloration  of  the 
chrome  plating. 

Steel  banding  strap  such  as  used 
on  packing  cases  must  be  blued, 
both  the  flat  and  edge  surfaces. 
The  temperature  required  is  650 
deg  F.  A  flat  coil  of  18  turns  was 
used  and  the  strap  blued  at  the  rate 
of  one  foot  per  second.  The  cus¬ 
tomer  now  uses  a  lead  bath  30  feet 
long  and  100  tons  of  lead.  Induc¬ 
tion  heat  for  this  purpose  entails 
an  electrical  demand  of  approxi¬ 
mately  80  kilowatts  for  a  daily  pro¬ 
duction  of  264,000  feet  of  strap. 

Dielectric  Heating 

All  sizes  and  types  of  abrasive 
wheels  have  been  submitted  for 
cure  or  polymerization  of  the  bind¬ 
ing  resin.  On  one  particular  type, 
some  difficulty  was  experienced  due 
to  swelling,  but  otherwise  an  ac¬ 
ceptable  curing  job  was  done.  It  is 
believed  that  if  the  wheel  were  re¬ 
tained  between  two  perforated 
transite  plates  and  a  perforated 
transite  ring  was  used  for  the  pe¬ 
riphery,  the  moisture  would  escape 
Avithout  causing  swelling.  Appar¬ 
ently  the  pressure  is  not  great.  In 
fact,  it  is  possible  to  keep  the  grind¬ 
ing  face  accurate  merely  by  wrap¬ 
ping  a  few  turns  of  mucilage  tape 
around  the  wheel  before  treating. 
There  has  been  no  opportunity  to 
retest  this  particular  wheel,  but 


others  have  been  successfully  cured 
without  distortion.  The  tempera¬ 
ture  depends  upon  the  resin  used. 
It  may  be  anywhere  from  150  to 
350  deg  F.  Aluminum  oxide  is  fre¬ 
quently  employed  as  the  abrasive. 
This  wheel  was  heated  dielectri¬ 
cally  in  ten  minutes.  The  alterna¬ 
tive  method  requires  36  hours. 

Casting  Teeth 

A  mold  for  casting  teeth  is  shown 
in  Fig.  3(a).  Instead  of  sand,  we 
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Fig.  3 — A  reailieni  mold  for  manu¬ 
facturing  false  teeth  is  shown  at  (a). 

A  conTeyor-belt  operation  for  steriliz¬ 
ing  ampoules  is  illustrated  at  (b). 

have  here  a  vinyl  chloride  plastic, 
a  soft  sticky  yellowish  mass.  The 
problem  is  to  heat  the  plastic  to  a 
flowing  temperature  (not  over  290 
deg  F)  so  it  can  be  poured  around 
the  teeth  without  bubbles  or  over¬ 
heating.  This  was  successfully 
done  in  three  minutes.  The  alterna¬ 
tive  method  required  30  minutes 
and,  furthermore,  certain  portions 
are  nearly  always  overheated. 

The  virtue  of  the  plastic  is  that 
the  teeth  can  be  withdrawn  in 
spite  of  the  “non-draw”  shape  of 
the  tooth  and  in  a  single  flask  mold 
without  parting  lines.  The  plastic 
is  merely  forced  back  by  the  pat¬ 
tern  as  it  is  withdrawn,  and  it 
closes  in  again  after  the  pattern  is 
free  from  the  mold. 

Brake  lining  material  was  re¬ 
quired  to  be  preheated  before  in¬ 
sertion  in  a  hydraulic  press.  The 
lining  consists  of  asbestos  fiber, 
phenolic  resin,  filler  and  brass  fil¬ 
ings.  Because  of  the  filings  there 
were  breakdowns  of  single  and 
double  thicknesses  of  the  material. 
This  was  overcome  as  more  layers 
were  added.  By  treating  four  lay¬ 


ers  at  once  with  dielectric  heating, 
the  temperature  was  raised  to  500 
deg  F  in  one  minute. 

A  non-skid  neoprene  shoe  sole 
must  be  polymerized  under  a  press 
of  100  pounds  per  square  inch.  A 
plate  facing  must  be  used  which 
does  not  cause  the  neoprene  to  stick 
to  it.  The  sample  was  polymerized 
in  two  minutes  at  200  deg  F.  Inci¬ 
dentally,  all  these  curing  jobs  that 
have  been  carried  out  with  steel  or 
aluminum  alloy  molds  in  the  past 
will  have  to  be  cured  in  non-metallic 
molds  if  dielectric  heating  is  to  be 
used. 

Drying  Ampoules 

Ampoules  are  filled  with  sulfa 
drugs,  penicillin,  etc.,  and  shipped 
to  the  Army  and  Navy.  After  ster¬ 
ilization,  the  moisture  must  be  re¬ 
moved.  In  the  dielectric-heating 
process  worked  out  for  this  opera¬ 
tion,  the  ampoules  are  mounted  on 
hollow  needles  through  which  dis¬ 
tilled  water  and  air  are  successively 
sprayed.  All  of  this  occurs  on  a 
conveyor  belt  as  shown  in  Fig.  3(b). 
The  last  operation  is  the  drying  by 
high  frequency  while  the  ampoules 
are  still  supported  on  the  needles. 
The  speed  of  production  is  about 
60  per  minute  and  it  could  evidently 
be  accomplished  by  a  machine  hav¬ 
ing  six  kilowatts  of  input. 

One  trouble  surgeons  have  had 
with  .sheep’s  gut  is  that  after  the 
wound  is  sewed  up  the  gut  absorbs 
moisture  and  stretches.  A  roll  of 
1,000  feet  of  gut  was  submitted  to 
the  laboratory  to  be  heated  by 
high  frequency.  It  is  known  that  a 
temnerature  of  300  deg  F  case- 
hardens  the  gut,  making  it  rela¬ 
tively  impervious  to  moisture  and 
with  better  slipping  qualities. 
Ovens  used  for  the  process  require 
an  eight-hour  bake.  The  job  was 
done  by  high  frequency  in  six 
minutes. 

Wave-Form  Demonstrator 
'for  Controlled  Rectifier 
Circuits 

By  P.  T.  Chin  and  E.  E,  Moyer 

Electronic  control  equipment  is 
more  and  more  frequently  using 
controlled  rectifiers  of  the  gaseous- 
discharge  type.  The  one-way  valve 
action  of  the  rectifying  element 
produces  nonsinusoidal  and  often 
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An  ideal  source  of  constant  voltage  for  use  with  pulse  generators, 
amplifiers,  measurement  equipment,  constant  frequency  oscillators 
and  other  equipment  requiring  regulated  D.  C.  voltage  in  the 
200  to  300  volt  range.  That  is  the  HARVEY  Regulated  Power 
Supply  106  PA. 

This  precision  instrument  operates  from  115  volts  A.  C.  and  has 
a  D.  C.  voltage  output  variable  from  between  200  to  300  volts  that 
is  regulated  to  within  one  percent.  Output  remains  constant  even 
though  line  voltage  varies  between  95  and  130  volts. 

The  HARVEY  106  PA  is  a  model  of  efficiency  and  convenience. 
It  has  separate  fuses  on  each  transformer  primary  as  well  as  the 
D.  C.  output  circuit;  pifot  lights  on  each  switch;  and  a  D.  C.  volt¬ 
meter  for  measuring  output  voltage. 

For  complete  information  on  this  efficient,  dependable  instru¬ 
ment,  ask  us  to  send  you  the  HARVEY  106  PA  bulletin. 
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discontinuous  wave  forms  in  the 
rectifier  circuits.  The  formation  of 
these  wave  forms  is  not  too  evident 
to  those  who  are  familiar  only  with 
circuits  under  ordinary  sinusoidal 
driving  forces. 

The  equipment  described  can  be 
used,  with  the  assistance  of  one  or 
more  cathode-ray  oscilloscopes,  to 
demonstrate : 

1. ,  Methods  of  grid  control  of 
thyratrons : 

(a)  D-C  bias  only 

(b)  A-C  bias  of  fixed  amplitude 

and  variable  phase  angle 

(c)  A-C  bias  of  fixed  amplitude 

and  fixed  phase  angle  plus 
d-c  bias  of  variable  magni¬ 
tude 

2.  The  behavior  of  single-phase 
(one  phanotron  or  one  thyratron) 
and  bi-phase  (two  phanotrons,  one 
phanotron  and  one  thyratron,  or 
two  thyratrons)  half-wave  rectifier 
circuits  supplying  a  load  consisting 
of  R,  L,  C,  counter  electromotive 
force,  or  any  combination  of  these, 
and  showing: 

(a)  The  voltage  wave  form 

across  the  load 

(b)  The  voltage  wave  form 

across  the  tube 

(c)  The  wave  forms  of  tube  cur¬ 

rent  and  load  current . 

( d)  The  inverter  action  of  a  con¬ 

trolled  rectifier  supplying 
an  inductive  load 

3.  Using  high-vacuum  diodes  in- 


Front  panel  of  woTe-form  demonstrotor,  developed  for  use  as  a  teaching  aid  in 
industrial  electronics  classes 
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net  *vork 


Circuit  of  ware-form  demonstrotor  for  controlled  rectifier  circuits.  All  terminols  numbered  from  1  through  38  go  to  Jacks  on  the  frost 
panel,  for  use  with  patch  cords  in  setting  up  rorious  circuit  combinations  for  connecting  these  terminols  to  the  two  meters 
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3  Standaid  Fastenings 
for  Prodnction  Effidency 

dln^  ^  Phillips  Recessed  Head 
^hC|^  a  Screws — The  modem,  ef> 
fective,  time-saving  fastening 
‘  device  proven  in  tens  of  thou- 
sands  of  assembly  lines .  Other 
standard  head  styles  are  also 
available. 


2  Self-Tapping  Machine 
Screws  —  Eliminate  sep¬ 
arate  tapping  operations  for 
fastenings  to  castings,  heavy 
gauge  sheet  metal,  and  plas¬ 
tics.  Also  available  with 
Phillips  Recessed  Head. 

.  ..j  ; . 

3  Washer -Screw  Assem¬ 
blies — When  use  of  lock 
washers  is  indicated,  the  time¬ 
saving  of  pre- assemblies  is 
obvious.  Also  available  in 
standard  slotted  head  styles. 


AVOID  UNNECESSARY  ASSEMBLY 
DELAYS  BY  PLANNING 
YOUR  FASTENINGS  NOW 


*Xold- forging*’— proof  #30 
...more  each  month 

Forethought,  when  your  product  is  still  in  the  design 
stage,  can  mean  timely  delivery  of  fastenings  for  that 
"long  planned"  fast  assembly  job.  Your  early  and 
precise  choice  of  fastenings — standard  or  special — 
may  be  vital  to  the  fast  and  exacting  assembly  job 
required  for  an  advantageous  start  on  postwar  pro¬ 
duction. 

That's  where  Scovill  comes  in  . . .  our  broad  experi¬ 
ence  in  fastenings  and  ingenuity  in  special  design 
qualify  us  as  specialists  in  the  fastenings  field.  Let  us 
help  you  determine  the  best  modern  fastenings  to  use 
— a  featured  standard  fastening  or  a  part  especially 
designed  to  suit  your  needs. 

The  part  shown  above  is  one  of  Scovill's  many  spe¬ 
cial  purpose  cold-forged  items.  Our  special  processing 
of  this  part  meant  substantial  savings  in  money — ma¬ 
terials — motions.  Call  our  Fastenings  Expert  for  as¬ 
sistance  so  that  you  likewise  may  profit.  Call  him  now. 


Scovill  Manufacturing  Company 

WATERVILLE  pr^oducts  DIVISION 


WATERVILLE  48,  CONN. 


NEW  YORK,  CIvysitr  BHfldtof  .  OETROIT,  714  FMmt  BMdtaf  •  CWCAGO,  1229  W.  Wasi*|tN  BMhvari  .  PHILADHPHIA,  II  W.  ChaitM  Avnm  BaMii| 
PITTSBURGH.  2112  W.  Ubwty  Aw.  •  SYRACUSE,  Syraom  •  KMftr  hnaraict  BMg.  -  LOS  ANOaES,  2B27  1  Sell  St  •  SAN  FRANCISCO.  434  BrawM  SL 
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^necCdioH-^ui(t 


We  do  have  a  little  time — now 
and  then  only — to  discuss 
transformer  applications  with  our  fellow  ’’victory 
manufacturers”  who  are  seeking  to  improve  their 
war-time  units  and — also  those  whose  plans  include 
design  for  the  future  .  .  .  Possibly  time  may  be 
found  for  you.  We’ll  do  our  best  with  your  inquiry. 


STANDARD  TRANSFORMER  CORPORATION 

1500  NOITH  HALSTED  STREET,  CHICAGO  22,  ILLINOIS 


stead  of  phanotrons  or  thyratrons, 
the  behavior  of  single-phase  (one 
rectifying  element)  and  bi-phase 
(two  rectifying  elements)  half¬ 
wave  recti.ier  circuits  supplying  a 
load  consisting  of  R,  L,  C,  counter 
electromotive  force,  or  any  com¬ 
bination  of  these,  and  showing: 

(a)  The  voltage  wave  form 

across  the  load 

(b)  The  voltage  wave  form 

across  the  tube 

(c)  The  wave  forms  of  tube  cur¬ 

rent  and  load  current 

Description  of  Equipment 

As  the  circuit  shows,  the  entire 
equipment  is  supplied  from  a  115- 
volt,  60-cycle,  single-phase  line.  It 
draws  about  100-va  maximum  load. 

When  switch  S,  is  closed  to  CON¬ 
STANT,  the  anode  voltage  is  116 
volts  on  each  anode-to-neutral 
phase.  When  is  closed  to  VAR¬ 
IABLE,  the  anode  voltage  can  be 
varied  from  0  to  115  volts  by  means 
of  the  variable  autotran.sformer. 
The  capacity  of  this  anode  trans¬ 
former  is  approximately  100  mil- 
liamperes  d-c  output  from  the  bi¬ 
phase  half-wave  rectifier  circuit. 

Phase-shifting  Network  , 

A  midtapped  transformer  wind¬ 
ing,  a  capacitor,  and  a  variable  re¬ 
sistor  are  arranged  in  a  phase-split¬ 
ting  bridge  circuit.  The  output 
voltage  of  the  bridge  (between  mid¬ 
point  of  the  transformer  winding 
and  the  junction  of  the  R  and  C 
bridge  arms)  can  be  varied  in  its 
phase  relation  to  the  supply  volt¬ 
age  (anode  voltage  of  the  thyra* 
trons)  by  varying  the  resistance 
arm  of  the  bridge.  This  output 
voltage  supplies  the  primary  wind¬ 
ing  of  a  grid  transformer  whose 
two  secondaries  supply  the'grid  cir¬ 
cuits  of  the  thyratrons. 

This  d-c  source  is  derived  from 
two  bi-phase  rectifiers  connected 
together  so  that  their  output  volt¬ 
ages  oppose  each  other.  The  pri¬ 
mary  windings  of  the  two  anode 
transformers  are  connected  to  the 
slider  of  the  variable  autotrans¬ 
former  in  such  a  manner  that  as 
the  slider  is  rotated  the  voltage  of 
one  transformer  is  reduced  while 
that  of  the  other  is  increased ;  thus 
the  d-c  output  from  the  tw’o  recti¬ 
fiers  is  caused  to  be  variable  from 
-flOO  volts  to  —100  volts  (approxi¬ 
mately).  The  capacity  of  this  d-c 
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BUY  MORE 


WAR  BONDS 


HowToSHOnBi  M(xnii6(to 
Anp  Increase  Your  Oinrar  50^ 


RADIO  CORPORATION  OF  AMERICA 
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Two  jears’  eiporienco  shows  quickor  pross  closing,  shortor 
curing,  fowor  rojocts  wbon  oloctronic  prohoating  is  usod. 


Tlie  R'JA  2-:.-y  electronic  generator  especially  designed 
tor  the  Plastics  Industry.  (Send  coupon  for  bulletin.) 


RCA  eiECTRONIC  HEAT 


The  RCA  is-kw  electronic  generator  for  larger  Jobs.  Will 
heat  7  Vi  poimds  to  275°P.  in  one  minute. 

I - 1 

I  SEND  THIS  FOR  (WORE  DATA  [ 

I  RCA,  Electrask  Ai^sratss  Secties,  lex  /O-NIH.Csarfss,  M.  k  | 

I  Gentlemen:  I  want  to  know  more  about  how  electronic  | 
I  heating  can  improve  my  molding.  Please  send  me  the  j 
I  bulletins  checked:  ! 

I  □  Electronic  Heat  Speeds  Plastic  Molding  | 

j  □  RCA  2-kw  electronic  generator  j 

I  □  RCA  15-kw  electronic  generator  I 

I  Name .  | 

I  Company . . .  I 

j  Address . - .  j 

I  City . . . Zone . State . | 


ELECTRONIC  preheating  can  often  make  important  savings  in 
^  time  in  all  three  steps  of  the  molding  cycle — press  closing,  cur¬ 
ing.  EUid  removing  the  finished  piece.  On  the  average,  the  overall 
increase  in  press  output  is  about  50%. 


Here's  Proof:  One  tiser*  of  RCA  electronic  heating  equipment  re¬ 
ported  that  a  single  RCA  2000- watt  generator  doubled  the  output  of 
two  presses  and  of  the  thirty  men  engEiged  in  that  particular  molding 
Job.  And  rejects  were  cut  from  60%  to  10% ! 


A  second  application  by  this  same  molder  reduced  the  operational 
time  of  each  press  by  50%;  and  the  decrease  in  rejects  produced  an 
overall  gain  in  output  of  400%! 


Tests  conducted  by  a  manufacturer  of  molding  materials*  to  de¬ 
termine  the  advantage  of  electronic  preheating  in  molding  thick 
sections  showed  a  reduction  of  necessary  curing  time  in  the  mold 
from  2%  hours  (old  molding  method)  to  5  minutes  (electronic  pre¬ 
heating).  Test  blocks  were  2%  inches  thick;  quality  of  results  was 
in  most  respects  better  with  electronic  preheating. 

Why  Is  Electronic  Preheating  Effective?  Because  it  brings  preforms 
to  uniform  temperature,  and  hence  uniform  plasticity — ideal  plas¬ 
ticity — in  only  a  few  seconds.  Not  only  does  the  molding  material 
soften  completely — with  no  hard  centers— but  it  softens  so  quickly 
that  premature  setting  cannot  take  place. 


Quick  Press  Closing:  With  electronic  preheating,  there’s  no  delay  in 
press  closing — ^no  need  to  wait  for  the  material  to  soften  due  to  mold 
heat.  Flow  begins  at  once.  Molding  pressures  eu%  often  reduced  by 
as  much  as  40%  to  50%.  And  that  may  mean  a  better  product  in 
cases  where  high  pressures  formerly  displaced  Inserts,  or  damaged 
Intricate  molds. 


Quick  Curing:  Because  the  molding  material  is  at  uniformly  high 
temperature  when  molding  begins,  only  a  short  time  is  needed  for 
mold  heat  to  produce  an  excellent  cure.  Acetone  exUactive  tests  in 
one  case  showed  that  a  114 -minute  cure  after  electronic  preheating 
was  more  effective  than  a  7V4-niinute  cure  with  ordinary  preheating. 


Perhaps  Electronic  Preheating  Can  Help  You:  To  find  OUt,  at  no  COSt 
to  you.  write  today  for  RCA  engineering  advice.  Include  details  of 
material;  preform  size,  shape,  filler;  present  molding  method;  press 
cycle  time;  and  a  statement  of  your  molding  problem  in  which  you 
think  this  method  might  help.  Or  the  coupon  will  bring  you  further 
information,  if  you  wish.  Address:  Radio  Corporation  of  America, 
Bectronic  Apparatus  Section,  Box  70-191H.  Camden,  N.  J. 


*Name  on  request. 


MODEL  33-VTF.  now  released  for  commercial 
use,  makes  available  the  ruggedness  and  ex¬ 
ceptional  accuracy  of  the  vibrating  reed  fre¬ 
quency  meter.  It  measures  specific  bands 
such  as  760-$40  cps  or  1140-1260  cps. 

I 

Again.  I-B-T’  engineers  have  extended  the 
useful  range ‘of  the  vibrating  reed  frequency 
meter — through  use  of  a  simple,  practical 
electronic  circuit.  A  vacuum  tube  multivibra¬ 
tor  divides  the  incmning  frequency  by  the 
proper  integir,  an(^  shows  the  result  on  the 
widely  used  ktandvd  400  cycle  meter. 

Harmonics  of  accidental  ffequencies  or  un¬ 
usual  wave  form  do  not  affect  the  response 
where  the.  speed  of  the  inverter  or  other  fre¬ 
quency  source  is  in  the  approximate  range 
being  measured. 

Model  39-VTE,  Laboratory  Type,  not  shown, 
has  an  input  impedance  of  500,000  ohms,  and 
uses  regiilar  Ime  current  for  power  supply. 
This  model,  through  use  of  a  multiplier  switch, 
measures  frequencies  1.  2.  3.  4.  6  and  9 
times  the  basic  range  of  380-420  cycles. 


Gkaek  'fkM 

EXTREME  ACCURACY...  within 
0.25%  oi  iraqumcy  m«Muz«d. 

PERMANENT  ACCURACY  . . .  call- 
bratad  at  factory  —  no  aubaaquont 
calibration  or  atandardiaation  ra- 
quirad  at  any  tima. 

STARiLITY  ...  no  tamparatura  drift 
aftar  initial  30  aacond  warm-up 
pariod.  Accuracy  ia  indapandant 
oi  Una  aoltaqa  Tayiation.  No  voltaga 
raqulator.  axtamal  or  intamal.  ia 
raquirad. 

■URN-OUT  PROOF... no  protaction 
aaadad  aqainat  accidantal  fra- 
quanciaa  abova  tha  ranga  baing 
maaaurad.  ^ 

SIMPLE  -  LIGHTWEIGHT  -  COM. 
^ACT  . . .  only  3  tubaa— 6N7  multi- 
aibrator.  6V6  amplif  iar,  6X5  ractif  iar. 
Waigha  only  6  Iba. . . .  alactronic 
unit  5^2*  X  6"  X  4^";  matar  maats 
IAN-I-6  mounting  dimanaiona  for 
3^2*  inatrumanta. 

20  WAH  POWER  CONSUMPTION 
. . .  darivad  from  fra- 
quancy  aourca  baing 
maaaurad. 


source  is  approximately  75  ma. 

This  d-c  source  is  intended  to  be 
used  as  the  d-c  bias  for  grid  con¬ 
trol  or  as  a  counter  electromotive 
force  in  a  load  circuit. 

Switching  Arrangement 

The  different  types  of  rectifier 
circuits  can  be  set  up  conveniently 
and  quickly  from  a  minimum  num¬ 
ber  of  circuit  parts.  The  function 
of  each  switch  is  explained  in  the 
following : 

Sx — The  opening  of  this  switch  re¬ 
moves  power  from  all  devices 
except  the  tube  .filaments, 
which  can  be  de-energized  only 
by  disconnecting  the  a-c  sup¬ 
ply  lead.  The  pilot  light  is  ON 
when  St  is  closed ;  Sx  should  be 
opened  when  circuit  connec¬ 
tions  are  being  made. 

S; — As  explained  already. 

S:, — When  this  switch  is  opened,  the 
grid  transformer,  Ts  is  de-ener¬ 
gized.  This  is  necessary  when 
d-c  bias  only  is  used  to  grid 
control  the  thyratrons. 

5„  Si — Opening  these  two  switches 
segregates  the  anode,  the  cath- 
.  ode,  and  the  grid  circuits  of 
the  two  thyratrons.  This  is 
necessary  for  the  inverse- 
parallel,  the  voltage-doubler, 
and  the  zero-anode  circuits. 

S.„  St — When  these  switches  are 
closed,  the  bias  on  the  grids  of 
the  thyratrons  is  made  zero 
because  the  grids  are  con¬ 
nected  to  the  respective  cath¬ 
odes.  The  thyratrons  thus  lose 
their  grid  control  character¬ 
istics  and  act  as  phanotrons. 
When  S#  and  St  are  opened, 
grid  control  is  possible. 

S„  S. — These  switches  are  con¬ 
nected  in  the  anode  circuits  of 
thyratrons.  Therefore  if  one 
tube  is  required,  the  switch  in 
the  anode  circuit  of  the  unused 
tube  can  be  opened  to  isolate 
that  tube.  This  switch  also  pro¬ 
vides  an  opening  in  the  anode 
circuit  so  that  the  d-c  milliam- 
meter  can  be  inserted  in  the 
circuit  to  read  average  values 
of  tube  current. 


(Mamii«ctur«d  «nder  Triplett  Patents  and/or  Patents  Pending) 


Circuit  Detaila 

Two  instruments  are  provided  on 
the  panel.  One  is  a  150-0-150- 
volt,  zero  center,  permanent  mag¬ 
net  type  (d'Arsonval)  d-c  volt¬ 
meter  (800  ohms/volt).  This  volt- 
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NEW  YORK 


Complete  in  every  phase  of  transformer 
manufacture,  the  Alpha  Division  of  N-Y-T  em¬ 
braces  one  of  the  most  modern  equipped  plants 


ompio  ond  won  lightod  working 

in  the  East,  including  complete  laboratories, 
engineering  and  manufacturing  facilities. 

This  new  plant  is  now  at  peak  production 
and  is  rapidly  assuming  the  roll  of  'transformer 
department'  to  many  of  the  leading  manu¬ 
facturers  of  electronic  equipment. 
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Deluxe  30-wett  power  unplifier 

Six  input  channels  —  4  microphone;  2  phonograph 

Controls — 4  microphone  gain ;  1  dual  phono  gain : 

1  master  gain;  1  treble  cut  &  boost;  1  baas  cut «  boost 

Double  tone  control  for  finest  equalization 
Wide  range,  hum  and  distortion  free  response 

4  —  8  ohm  speaker  sockets  with  switch  to  select  speaker  and 
proper  impedances  simultaneously 

500  ohm  terminal  strip  for  multiple  speaker  systems 

Gray  wrinkle  steel  case  with  handles  and  hinged  top 

Size  20  X  lOH  X  lOH,  for  10S-125V  60  cycles  AC  * 

TubM  —  6-6SQ7;  1-6SJ7;  2-6L6G;  1-5Z3 

MODEL  6729  —  PRICE  $57.15  NET  WITH  TUBES.  F.O.B.  N.  Y. 


TVMIItl  nil  MKnpMMS  H  SmII 

ShttM  SSC  UaidjM  —  Acclaimed  aa  tha 
beat. 

Prica,  S29.10  ->  F.O  Naw  York 

Shora  717B  Ciyatal  Xcaiiomj  Haad 
Mlcroshaaa 

Prica,  $S.S5  —  P.O.B.  Naw  Tark 

TaraarBXCryataUcoBomyMlcrophoea 
Pits  all  stands 

Prica,  $S.85  -  P.O  A.  Naw  Tark 

Blactra-Voica  V>1  Valadty  Bibbaa 
Mlcraphana 
Pinast  a(  its  typa. 

Prica,  <16.17  -  P.OJB.  New  Tark 

LARGE  SELECTION  OF  OTHER  TYPES 
IT  AU  MANUFACTURERS  IN  STOCK! 


TirMiRii  #MS1  Fioar  StiHi 

11  lb.  12*  diamatar  base. 

Chrame  pipe  sacUan.  Paaitiaa  lackins 
clutch. 

PrUa,  $6.81  —  P.O.B.  Naw  Tark 

#MS2  AdjistaMa  TaHa  Staad 

All  chrame  —  waiahtad  base. 

Price,  $3.72  —  P^B.  Naw  Tark 

#MS3  TaUa  Staad 

Same  as  M82,  but  nat  adjustable 
Price,  $2.95  —  P.03.  Naw  Tark 

Tanfliaal  Utility  Wall  Bafllas 

Heavy  alywaad  canstmctlan. 

Tan  umtatien  leatharatta  Saiah. 
PnrS-inch  speaker  —  price,  $2.00  — 
P.03.,  N.tT^ 

Per  lO^nch  spaakar  —  prica,  $2.80  — 
P.O.B.,  N.T. 

Par  12-iacb  spaakar  —  prica,  $3.20  — 
P.03.,  N.T. 


•  PRIORITY  REQUIREMENTS  CHANGE  DAILY 
•  WRITE  FOR  CATALOG  ON  TERMINAL  SOUNO  SPECIALS 
•  WRITE  US  FOR  UP-TO-DATE  INFORMATION  ON  THE  ITEMS  YOU  NEED 


The  conductor  of  a  Rock  Island  freiobt 
trerin  ramoTOs  a  lacsindle  message  sent 
to  him  by  radio  from  a  woyside  sto-, 
tion.  A  complete  message  form  i* 
turned  out  in  three  minutes 


UTAH  PUILIC  ADDRESS  SPEAKERS 


Mod^ 

8lz« 

Voice  CoU 
Impodsaco 

Nomml 

Power 

SP 

$• 

6-8 

7 

lOP 

10* 

6-8 

9 

B12P 

12* 

6-8 

13 

012P 

12* 

8 

17 

Peak 

Power 

11 

14 

20 

26 


Mafnat  Prica 

Waifht  P.03.N.T. 
Soz.  $3.3$ 

12  oz.  $  5.44 

12  oz.  $  9.41 

46  oz.  $14.26 


meter  is  intended  for  indication  of 
the  average  voltage  across  the  load 
or  a  circuit  component.  The  zero- 
center  feature  is  useful  when  dem¬ 
onstrating  the  transition  from  rec¬ 
tification  to  inversion  to  show  that 
the  output  voltage  of  the  thyratron 
circuit  reverses  although  the  cur¬ 
rent  through  the  tubes  continues  in 
the  same  direction.  The  other 
meter  is  a  0-200  ma,  permanent 
magnet  type  (d’ Arson val  move¬ 
ment)  d-c  milliammeter.  (This  is 
a  10-ma  movement.)  This  instru¬ 
ment  is  intended  for  indication  of 
the  average  current  through  the 
load,  through  a  tube,  or  through  a 
circuit  component. 

Safety  Resistors 

Resistors  i?:,  and  /2,  are  connected 
in  series  with  the  anodes  of  tubes 
to  limit  the  surge  current  incident 
to  short-circuits,  arc-back,  or  ca¬ 
pacitor-input  filters.  At  the  same 
time  these  resistors  provide  suffi¬ 
cient  IR  drop  so  that  the  anode- 
current  wave  can  be  viewed  on  a 
c-r  oscilloscope. 

To  study  high-vacuum  tube  rec¬ 
tifiers,  the  two  thyratrons  can  be 
replaced  by  two  6X5GT  double 
diodes,  which  have  the  same  socket 
connections  for  heater,  anode,  and 


FACSIMILE  ON  MOVING 
TRAIN 
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k  \  n0^  That  good  name  and  important 

position  you  enjoy  in  the  radio  industry  took  long  years 
\  \  to  build.  Your  postwar  reputation  can  hinge  on  the  performance 

I  of  the  record  changer  you  select  for  your  radio  phonograph 

m  combinations  of  tomorrow. 

I  I  This  is  elementary,  of  course.  l>ut  it  has  particular  bearing 

1  Jr  on  our  postwar  concentration  on  volume  production 

J  of  automatic  record  changers. 

1  /  These  changers  will  be  Custombilt.  The  engineering  “savvy”  that 

Y  helped  us  lick  the  toughest  problems  the  armed  forces  could  dream 

f  up  is  proving  itself  right  now  imthe  record  changers  we  have  designed. 

•  We  would  welcome  your  inquiry  and  design  problems.  For  we  are  going 

all  the  way  in  this  matter  of  automatic  changers.  Set  manufacturers 
who  knew  our  prewar  changer— who  have  looked  to  us  for  nearly 
a  quarter  century  for  their  condensers  and  other  radio  com¬ 
ponents— will  understand  what  this  means. 

NSTRUMENT  CORPORATION 
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cathode  and  the  same  heater  rating 
as  the  type  GL-502  tubes  or  their 
equivalent  type  2050/2051. 

Other  Equipment  Required 

The  only  other  piece  of  equip¬ 
ment  required  in  connection  with 
this  rectifier  panel  is  a  cathode-ray 
oscilloscope.  This  oscilloscope 
should  be  equipped  for  viewing  d-c 
potentials,  either  direct  to  plates  of 
the  tube  through  a  suitable  voltage 
divider  (variable,  and  of  five  meg¬ 
ohms  or  more  resistance)  or 
through  a  d-c  amplifier,  neither  of 
which  requirements  are  met  in  the 
more  readily  available  instruments. 

Three  such  oscilloscopes  give  a 
much  more  complete  picture  of  the 
over-all  circuit  behaviour,  since  the 
wave  forms  of  the  load  voltage,  the 
tube  voltage,  and  the  tube  current 
can  be  observed  simultaneously. 

What  the  Equipment  Demonstrates 

1.  Methods  of  grid  control  of  thy- 
ratrons 

A.  D-C  bias  only.  Open  Sx,  con- 
21  to  1  and  connect  22  to  7. 
The  d-c  bias  can  be  varied 
by  turning  the  slider  on  the 
variable  autotransformer. 

The  equipment  demonstrates: 

(1)  That  the  grid  control 
action  is  rough  and 
critical 

(2)  A  phase  control  range 
of  only  90  degrees  can 
be  obtained 

B.  A-C  bias  of  fixed  amplitude 
and  variable  phase  angle. 
Disconnect  21  from  1  and  22 
from  7,  close  S,,  connect  1 
to  7.  Phase  shift  can  be  ob¬ 
tained  by  varying  R^, 

The  equipment  demonstrates: 

(1)  Phase  shift  of  one  volt¬ 
age  (grid)  relative  to 
another  anode  voltage 

(2)  Much  smoother  and 
more  uniform  control 

(3)  That  a  full  range  of  180 
degrees  cannot  be  real¬ 
ized 

C.  A-C  bias  of  fixed  amplitude 
and  fixed  phase  angle  plus 
d-c  bias  of  variable  magni¬ 
tude.  Disconnect  1  from  7, 
connect  21  to  1  and  22  to  7, 
close  Si. 

The  equipment  demonstrates: 

(1)  That  approximately  180 
degrees  of  phase  control 
is  possible 

(2)  The  effect  of  different 


ONER  DAYS,  HAS 


DEPENDED  UPON 


Because  Cannon  Plugs  and  Recep¬ 
tacles  were  designed  especially  for 
use  in  critical  circuits,  they  were 
incorporated  into  the  first  tele¬ 
vision  hook-ups.  Says  Harry  R. 
Lubcke,  Director  of  Television  for 
the  Don  Lee  Broadcasting  System: 

find  Cannon  Connectors  indis¬ 
pensable  in  our  television  operations. 
We  called  on  Cannon  in  and 
what  was  probably  the  first 
all-television  connector 
was  fabricated.^* 


All  the  circuits  of  a  modern  television 
camera  pass  through  this  single  master 
Cannon  Connector  mounted  on  the  side  of 
the  instrument.  Equipment  for  the  control 
of  focusing,  power  and  intensity  of  image 
is  connected  to  power  sources  and  to  pick¬ 
up  and  broadcasting  equipment  through 
Cannon  Plugs. 

If  you  are  interested  in 
equipment  of  this  kind,  write 
for  Cannon  Condensed  Cata- 
log.  Address  Dept.  A- 120, 
Cannon  Electric  Development 
Company,  3209  Humboldt 
Street,  Los  Angeles  31,  Calif. 


Cannon  Electric  Development  Co.,  Los  Angeles  31,  Calif. 

Canadian  Factory  and  Enginooring  Offlco:  Coltnen  Electric  Campany,  Ltd., 
Toronto,  Canada 
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fixed  phase-angles  of 
the  a-c  component  of 
grid  voltage  on  the  con¬ 
trol  characteristic 
(3)  That  this  method  of 
control  is  apt  to  be  crit¬ 
ical  near  the  almost- 
phased  full-off  position 
The  behavior  of  single-phase 
and  bi-phase  half-wave  recti¬ 
fier  circuits  with  different  types 


of  load 

The  equipment  demonstrates: 

(a)  The  voltage  across  the  load 

(b)  The  voltage  across  the  tube 

(c)  The  current  through  the 
load 

(d)  The  current  through  the 
tube 

Under  conditions  of : 

(a)  Different  phase  control  an¬ 
gles  (if  the  tube  is  a  thyra- 
tron) 

(b)  Different  values  of  circuit 
constants  (e.g.,  different 
ratios  of  L/R  in  an  induc¬ 
tive  circuit,  or  different  ra¬ 
tios  of  counter  electromo¬ 
tive  force  to  anode  voltage) 

Of  particular  interest  is  the  sud¬ 
den  change  in  the  grid  control 
characteristic  at  the  point  of  transi¬ 
tion  from  continuous  to  discontinu¬ 
ous  load  current  when  the  load  is 


coNntot 
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SURRENDER  AMPLIFIER 


Cornered  Japs  in  Burma  are  inrited  to 
qive  tq)  by  memben  of  Piychologicol 
Warfare  Dirision  of  SEAC  uiing  tU* 
electronic  megaphone.  If  first  coll  i* 
ignored.  Tops  get  shelled.  Then  mu^ 
is  played  and  followed  by  second  call. 
If  this  is  not  effective,  oll-out  shelling  is 
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highly  inductive,  and  the  partial 
remedy  for  this  condition  when  the 
inductance  is  shunted  by  a  re¬ 
sistance. 

Also  of  interest  is  the  effect  of  a 
counter  electromotive  force  on  the 
grid  control  characteristic,  particu¬ 
larly  in  the  case  of  the  inverse- 
parallel  circuit  when  the  hold-off 
period  of  the  incoming  thyratron 
widens  from  the  usual  180  degrees 
and  approaches  360  degrees. 

Rectifier  Data  Sheets 

The  current  and  voltage  wave 
forms  at  different  parts  of  the  cir¬ 
cuit  are  tabulated  for  the  more 
common  single-phase  and  bi-phase 
half-wave  rectifier  circuit  combina¬ 
tions  in  a  two-part  presentation, 
“Gaseous  Rectifier  Circuits”  start¬ 
ing  in  the  April,  1946  issue  of 
Electronics.  These  examples  will 
serve  as  a  pattern  for  the  instruc¬ 
tor  who  wishes  to  complete  all  of 
the  circuit  combinations.  It  is  in¬ 
teresting  and  instructive  to  predict 
these  various  wave  forms,  then 
verify  them  on  the  equipment. 

Copies  of  the  photographic  dia¬ 
gram  (using  industrial  rather  than 
electronic  symbols)  and  a  drilling 
templet  of  this  instrument  with 
more  detailed  information  concern¬ 
ing  the  construction,  etc.,  may  be 
obtained  by  writing  to  Mr.  A.  C. 
Stevens  in  charge  of  Educational 
Sales,  General  Electric  Company, 
Schenectady,  N.  Y. 
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Mercury  Vapor 
Detector  for  Plants 

Designed  particularly  for  use  in 
industries  such  as  chemical,  smelt¬ 
ing,  metal-mining,  and  electrical 
apparatus,  a  new  electronic  detec¬ 
tor  instantaneously  detects  the 
presence  of  mercury-vapor  concen¬ 
trations  in  the  atmosphere.  In 
these  fields,  mercury-vapor  concen¬ 
trations  must  be  kept  below  the 
toxic  limit  (1.2  parts  mercury 
vapor  in  100,000  parts  of  air  by 
volume,  for  continual  breathing)  to 
safeguard  the  health  of  employees. 

Announced  by  the  Special  Prod¬ 
ucts  Division  of  G-E,  the  detector 
measures  directly  concentrations 
as  high  as  one  part  in  three  million 
parts  of.  air  by  volume  and  as  low 
as,  one  part  in  two  hundred  million 
parts,  with  an  accuracy  of  approxi* 
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OM  YOUR  DLANKING  DIES 


You  can  save  steel  and  time  in  the 
making  of  dies  for  blanking,  trim¬ 
ming,  beading,  or  any  application 
involving  the  cutting  of  sheet  metals 
to  regular  or  irregular  shapes,  by 
assembling  them  from  FCC  Com¬ 
posite  Steel  Die  Sections. 

These  prefabricated  die  parts 
consist  of  hne  tool  steel  cutting 
edges,  in  a  selection  of  grades. 


electrically  welded  by  a  special 
process  to  non-hardenable  mild 
steel  bases.  Thus,  screw  and  dowel 
holes  may  be  easily  drilled  after 
heat  treating,  and  there  are  numer¬ 
ous  other  advantages  that  will  be 
immediately  obvious  to  the  die 
maker. 

Thousands  of  die  shapes  may  be' 
made  up  from  combinations  of 


thirty-live  standard  sections.  Spe¬ 
cially  shaped  sections  are  manu¬ 
factured  to  customers’  specifica¬ 
tions  in  five  to  ten  days. 

Prompt  delivery  under  CMP. 


WRITE  FOR  ENGINEERING  DATA 

It  contains  a  print  showing  the  various  standard  shapes 
available  for  quick  shipment,  and  explains  how  to  order 
special  shapes,  including  rib-reinforced  extra  high  sections. 
It  also  coQ^ns  prices.  Get  your  copy — write  for  it  today. 


ADDRESS  DEPT.  E-32 


STBBL,  CORPORATIOH 

Forging  and  Casting  Division 
DETROIT  20,  MICHIOAN 


WftD  9477 


ROTO-TORQ 


215  West  7th  Street,  Los  Angeles  14,  California 


mately  5  percent.  When  set  at  its 
highest  point  of  sensitivity,  it  is 
also  capable  of  measuring  with  rea¬ 
sonable  accuracy  concentrations  as  ^ 
low  M  one  part  in  a  billion.  It  will 
als^'^etect  mercury  if  it  is  carried 
by  gaseous  medium  whose  spec¬ 
tral  absorption  band  does  not  over- 
lie  the  2537  Angstrom  wavelength. 

The  detector  draws  air  from  the 
atmosphere  at  the  rate  of  one- 
quarter  to  one-half  a  cubic  foot  per 
minute  through  a  cylindrical  ab¬ 
sorption  chamber  which  contains 
an  ultraviolet  lamp  and  a  photo- 


Instantaneous  detection  of  mercury 
Topor  in  the  air  oi  industrial  plants 
is  made  with  this  G-E  instrument.  It 
measures  concentrations  os  small  as 
one  port  in  200.000.000 


tube.  Normally,  the  lighted  ultra¬ 
violet  lamp  permits  normal  current 
to  flow  through  the  phototube,  but 
the  presence  of  mercury-vapor  in 
the  air  drawn  into  the  absorption 
chamber  intercepts  and  scatters  the 
ultraviolet  light,  thus  reducing  the 
phototube  current.  This  unbalances 
a  bridge  circuit  so  that  the  drop  in 
phototube  current  is  electronically 
translated  into  an  upscale  reading 
on  the  indicating  microammeter  of 
the  detector. 


Dielectric  Heating  in  Wood* 
working  Industry 


To  RAISE  THE  TEMPERATURE  at  the 
center  of  a  six-inch  block  of  wood 
to  280  degrees  F  takes  nine  hours 
when  conventional  heating  methods 
are  used.  The  same  result  can  be 
achieved  in  four  minutes  by  the 
application  of  electronic  dielectric 
heating. 

An  increase  in  the  production 
rate  of  glued  wood  aircraft  spars 
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ROLLER-SMITH  45"  FMEL INSTRUM 


Where  panel  conditions  permit  their  installation  these  4.5"  semi-flush  Bakelite  case 
instruments  provide  maximum  readability.  Scale  length  of  d-c  instruments  is  3J4 
inches  and  for  a-c  instruments  is  3^^  inches.  All  instruments  except  rectifier  types 
are  accurate  within  \%  of  full  scale  value  at  any  point  on  the  scale.  Rectifier  types, 
approximately  5%. 

Incorporating  the  long  life  and  dependability  developed  during  40  years  of  fine  i.i- 
strument  manufacture,  R-S  4.5"  panel  instruments  have  a  diversified  field  of  appli¬ 
cation  which  includes:  Radio  Transmitters;  Control  Panels;  Battery  Testers  and 
Chargers;  Electronic  Tube  Testers  and  Analyzers;  Automotive  Analyzers:  Instrument 
Test  Units;  Sound  Movie  Equipment;  Motion  Picture  Control  Panels:  Arc  Welding 
Equipment;  Experimental  and  Amateur  Radio;  General  Electrical  Laboratory  Testing; 
General  Communications,  etc. 

Any  practical  range  can  be  supplied  on  short  notice  in  d-c  and  a-c  (Repulsion  iron-vane 
and  Rectifier  type)  models,  with  single  or  multi-range  scales.  Correspondence  is  invited. 

RNER  R-S  INSTRDMENTS:  Panelf  switchboard  and  portable  instruments  of  practically 
fvery  standard  sizCf  shape,  capacity,  type  and  style  are  included  in  the  R-S  line  oj 
electrical  instruments.  Shown  here  are  (upper)  3.5"  Miniature  Panel  Ammeter  conforming 
to  American  War  Standard  C39.  2-1944  and  (lower)  Steel-Six'*  Portable  Ammeter. 

and  don’t  forgot  .  .  .  BUY  WAR  BONDS 


Sales  Representatives 
In  all  Principal  Cities 


STANDARD  AND  PRECISION  ELECTRICAL  INSTRUMENTS  •  AIRCRAFT  INSTRUMENTS  •  SWITCHGEAR  • 
AIR  AND  OIL  CIRCUIT  BREAKERS  •  ROTARY  SWITCHES  •  RELAYS  •  PRECISION  BALANCES 
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INDUSTRIAL 
SOUND  EQUIPMENT 
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PAGING 


ANNOUNCING 


ALARMS 
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OW,  you  can  quickly  obtain  all  the  benefits  of 
modern,  high  quality  Public  Address,  at  low  cost. 
KNIGHT  Sound  Systems,  long  proved  by  use  in 
Industry  and  the  Armed  Services,  can  be  shipped 
promptly  from  stock  on  priority  rated  orders. 

With  a  KNIGHT  System,  you  can  relieve  busy 
switchboards  . . .  quickly  reach  anyone  in  plant  or 
office . . .  reduce  employee  fatigue  thru  music.  In¬ 
creased  efficiency  and  production  more  than  pay 
for  the  sound  installation. 

Illustrated  above  is  the  KNIGHT  60  -Watt  In¬ 
dustrial  Sound  System  with  highly  efficient  reflex 
type  trumpets.  Assures  clear,  powerful  voice  and 
music  reproduction.  Adequately  covers  up  to 
200,000  sq.  ft.  of  floor  space,  depending  upon 
the  existing  noise  level. 

Complete  system  as  shown,  net ....  $278.81 
Other  systems  and  accessories  available  to 
meet  each  requirement. 

Write,  Wire  or  Phone  Haymarket  6800, 


ALLIED  RADIO 


CORPORATION 


833  W.  Jackson  Blvd.  •  Dept.  24-D-5 


Chicago  7,  Illinois 


SUPPLIERS  OF  ELECTRONIC  PARTS  AND  EQUIPMENT  TO  INDUSTRIAL  AMERICA 
Electronic  Tubes,  Rectifiers,  Power  Supplies,  Intercommunicating  Systems,  Sound  Systems,  Photo-Cell  Equip¬ 
ment,  Batteries,  Chargers,  Converters,  Generators,  Supplies  for  Resistance  Welders,  Fuses,  Test  Instruments, 
Meters,  Broadcast  Station  Equipment,  Relays,  Condensers,  Capacitors,  Resistors,  Rheostats,  Transformers, 
Switches,  Coaxial  Cable,  Wire.  Soldering  Irons,  Microphones,  Speakers,  Technical  Books,  etc. 


from  25  to  400  spars  per  day  has 
been  made  without  any  increase  in 
the  number  of  presses.  By  facili¬ 
tating  edge-gluing  and  scarf-joint¬ 
ing  of  narrow  strips  and  short  sec¬ 
tions,  and  the  lamination  of  boards, 
electronic  heating  has  permitted 
manufacture  of  spars  that  are 
stronger  and  less  costly  than  those 
cut  from  a  single  piece  of  wood. 
At  the  same  time,  lumber  waste  has 
been  practically  eliminated. 

In  the  manufacture  of  molded 
compregwood  propeller  blades, 
using  RCA  equipment  to  generate 
electronic  power  for  preheating 
precarved  layups  of  resin-impreg¬ 
nated  wood,  the  temperature 
throughout  the  preform  could  be 
raised  to  260  deg  F  in  eight  min¬ 
utes,  at  which  time  transfer  to 
steam  heated  dies  was  effected. 
Formerly,  two  and  one-half  hours 
were  required  to  secure  a  complete 
closure  of  the  dies;  now,  with  elec¬ 
tronic  preheating  of  the  preform, 
they  close  in  three  or  four  minutes. 
The  total  time  during  whjch  the 
press  is  tied  up  has  been  reduced 
from  seven  hours  to  three  hours. 

Besides  facilitating  improve¬ 
ments  in  quality  and  strength  and 
savings  in  production  time  and 
costs,  C.  N.  Batsel,  of  RCA  recently 
pointed  out  at  a  meeting  of  the 
Southern  Woodworkers  Association 
in  Atlanta,  Ga.,  electronic  power 
heating  and  moisture-proof  glues 
make  possible  for  the  first  time  the 
highspeed  production  of  pieces  in¬ 
volving  thick  sections,  formerly  im¬ 
practicable  because  of  the  excessive 
heat  transfer  time  required  with 
conventional  hot-gluing  methods. 


Production  Testing 
of  Swivel  Joints 


Use  of  an  unbalanced  bridge  cir¬ 
cuit  for  testing  communications 
systems  in  Martin  electric  turrets 
has  resulted  in  a  saving  of  600  per¬ 
cent  of  the  time  originally  used  for 
this  testing  work. 

Developed  by  an  engineering 
quartette,  George  Andrews,  Leo 
Douville,  Harold  Horner  and  Her¬ 
man  Roemer,  all  of  Glenn  L.  Martin 
Company,  the  tester  is  used  for^ 
te'sting  swivel  plugs  and  permits^ 
acceptance  only  of*  componentS| 
which  meet  manufacturing  specifl-J 
cations.  The  wiring  problem,  due  to  ' 
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TYPC  BN 

Th«  Alli«d  6-peU,  doubl*-throw  BN  typ*  •mbodiet 
many  now  Improvanrants  for  hoovy  duty  6-pola 
swHching  .  .  .  parmilt  individual  adjuitmant  of 
contocta.  AAoldod  Bolcalit*  it  utod  throughout  tho 
roloy.  Contacts  or*  rotod  at  10  Amporot.  At  in  oil 
Alliod  roloyt,  tho  BN  is  dosignod  for  compoctnost 
and  minimum  woight.  AAoy  bo  furnithod  normolly 
opon  or  normally  clotod  or  doublo-throw.  Avail- 
oblo  in  AC  or  DC.  Woight  11  oz.  Writo  for  com- 
ploto  oporoting  choroctoristict,  otc. 

Hoight;  2  9/16”  Longth:  3”  Width:  1  23/32” 


TYPE  CN 

Tho  CN  roloy  it  tho  rotult  of  odvoncod  onginoor- 
ing  tochniquo  and  tuccoodt  Alliod't  tuccotsful  AN 
typo  . . .  o  powor  roloy  oxprottly  dosignod  for 
brooking  hoovy  curront.  Contact  rating  it  50  Am¬ 
porot  at  24  Volts  DC  with  tilvor  contacts;  with 
olloy  contacts  tho  contact  rating  it  75  Amporot  at 
24  Volts  DC.  fTho  foffor  orrongomont  with  tho 
alloy  contacts  »  known  at  tho  CNS  typo.)  Tho  con¬ 
tact  orrongomont  it  tinglo  polo,  tinglo  throw, 
double  brook,  normally  opon  or  normally  clotod. 
Tho  now  design  incorporates  molded  Bokolito  insu¬ 
lation,  greater  electrical  clooranco  and  ovor'oll 
improved  mochonicol  structure.  Available  in  AC 
or  DC.  Complete  data  on  request. 

Hoight:  VhT  Ungth:  VkT  Widdi:  2” 


I  ^ 

{Here  is  advanced  Relay  Engineering! 


The  two  relays  described  above  are  typical  examples  of  the  many  new  types  of 
relays  Allied  is  constantly  designing  for  its  customers'  widely  diversified  requirements. 

Allied’s  engineering  staff  continually  works  to  improve  relay  designs  and  to  de¬ 
velop  new  magnetic  con.trol  devices  for  present  and  future  manufacturers  whose 
products  require  electrical  control.  The  highly  practical  accumulated  knowledge  of 
these  men  is  at  your  command.  Send  us  your  control  problems! 
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Pan*l  tI«w  of  tho  swItoI  ioint  tostti 
usod  on  conununicotions  equipment  for 
Martin  electric  turrets.  It  measure* 
leakage  between  contacts  and  resist¬ 
ance  of  contacts 

leakage  in  the  tester,  was  a  compli¬ 
cated  one. 

The  instrument  makes  both  an 
insulation  test  at  100  megohms  and 
a  continuity  test  at  0.02  ohms.  In 
the  insulation  test,  an  unbalance  is 
set  up  when  the  leakage  between 
contacts  is  less  than  100  megohms. 
Detected  by  the  electronic  equip¬ 
ment,  this  causes  a  relay  to  operate, 


Lights  on  the  front  ponel  of  the  plug 
tester  are  controlled  by  the  relays 
shown  in  this  rear  view  of  the  intln- 
ment 

automatically  lighting  an  indicator 
signal.  This  light  has  to  be  released 
before  tests  can  continue  on  other 
circuits. 

Continuity  of  the  contacts  is 
checked  by  passing  approximately 
three  amperes  through  each  circuit 
and  measuring  the  voltage  drop  as 
indicated  on  a  meter.  An  open  cir¬ 
cuit  unbalances  the  bridge  and 
causes  the  red  light  to  glow.  An  ac¬ 
ceptable  circuit  is  indicated  on  a 
calibrated  meter. 


Today/  the  world  over,  many  of  the  machines 
and  devices  of  war  are  shaping  the  peaceful 
pursuits  of  tomorrow.  Out  of  the  holocaust  of 
battle  will  emerge  new  horizons  of  human 
comfort,  convenience  and  safety.  The  science 
of  electronics  marches  on  I 

Today,  and  every  day.  Temple  engineers 
and  technicians  are  toiling  on  new  problems, 
developing  new  products,  improving  old 
ones  —  dedicated  to  the  task  of  insuring  final 
Victory — and  inspired,  as  well,  to  anticipate 
the  peacetime  demands  of  tomorrow. 


Electronics  Division 

TEMPLETONS 
RADIO  MFC.  CORP. 

New  London,  Conn. 


TODAY... aod  TOMORROW! 
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Another  advance  in  radio  frequency  heating  equip 
mcnt  is  this  Westinghouse  Radio  Frequency  Generator 
for  induction  heating. 

This  200kw  generator  is  a  complete  power  source, 
built  with  all  the  performance  characteristics  of  West¬ 
inghouse  industrial  equipment.  Timing,  for  example, 
is  automatic  according  to  a  predetermined  load  cycle 
and  power  consumption  is  determined  by  the  work 
being  done. 

Consecutive  heats  can  be  repeated  automatically 
without  interruption  or  duplicated  at  any  future  time 
with  accuracy.  Once  the  generator  is  adjusted  to  a 
process,  operation  requires  only  pushing  buttons  and 
setting  dials  to  calibration  data. 

The  200kw  generator  is  one  of  a  complete  Westing- 
house  line  including  2,  5,  10,  20,  50  and  lOOkw  sizes. 
For  more  information,  ask  for  Descriptive  Bulletin 
85-800,  or  give  your  nearest  Westinghouse  representa¬ 
tive  your  specific  problem.  Westinghouse  Electric  6b 
Manufacturing  Co.,  P.  O.  Box  868,  Pittsburgh  30,  Pa. 

J-08108 


200  kw  R.  F.  Generator 
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pointed  to  lies  in  previous  testi¬ 
mony. 

In  Russia,  one  scientist  picked  up 
finger  tremors  during  questioning, 
with  favorable  results.  Next  came 
observation  of  respiration  during 
cross-examination,  continuous  ob¬ 
servation  of  blood  pressure,  and  the 
continuous  and  simultaneous  re¬ 
cording  of  both  respiration  and 
blood  pressure  with  the  Keeler  poly¬ 
graph  now  in  use  by  many  police 
departments.  This  instrument  gives 


TUBES  AT  WORK 


Decironic  Detection  oi  Deception . 

Radar  Fire  Hazard . 

Waterproofing  Radio  and  Electronic  Equipment 
Transmission  oi  Color  Pictures  by  Facsimile . . . 


Electronic  Detection  of  Deception 


By  Dr.  Joseph  F.  Kubis 

Atsociate  Pro/e$8or  of  Ptychology 
Fordham  Vniv.,  ifeto  York  City 

The  application  of  electronic  and 
electrical  techniques  to  the  broad 
field  of  human  emotions,  and  espe¬ 
cially  to  the  detection  of  deception 
in  normal  and  abnormal  subjects, 
involves  fundamental  reactions 
whose  utilization  for  lie-detection 
purposes  can  be  traced  back  to  the 
days  of  ancient  Greece.  According 
to  history,  the  doctor  of  a  certain 
king  felt  the  pulse  of  a  subject  dur¬ 
ing  questioning,  to  detect  changes 
in  blood  pressure  associated  with 
emotions  accompanying  deliberate 
lies. 

Around  1900,  word  lists  de¬ 
veloped  by  Jung  were  in  vogue  for 
lie  detection,  with  the  subject 
speaking  the  first  word  that  came 
into  his  mind  after  hearing  a  word 
on  the  carefully  prepared  list.  Dif¬ 
fering  reaction'  times  for  words 
pertaining  to  the  crime  in  question, 
as  compared  to  neutral  words,  often 


Dr.  Kubia  dnabiutratlng  the  Fathometer  dereloped  ot  Fordham  UniTersity  by  the 
late  Father  -  Summen.  Using  only  on  electronic  ompliiier  feeding  on  Esterline-Angus 
recorder,  it  measures  and  records  each  momentary  Tariotion  in  skin  resistonce  dne 
to  perspiration  during  questioning 


from  75  to  85  percent  accuracy,  but 
interpretation  of  the  record  pat¬ 
tern  requires  considerable  skill. 
Oftentimes  the  variations  traced  on 
the  paper  by  the  recorder  are  so 
slight  that  they  are  interpreted 
with  difficulty. 

All  lie  detectors  are  based  on  the 
fundamental  principle  that  the  tell¬ 
ing  of  a  lie  creates  a  situation  of 
conflict  and  attendant  emotional 
disturbance  within  the  individual.- 
Though  internal,  this  disturbance 
may  be  expressed  in  many  ways, 
such  as  blushing,  paling,  perspir¬ 
ing,  shaking,  fidgeting  and  the  like. 
The  clever  or  habitual  liar  can  with 
a  little  practice  easily  conceal  such 
observable  reactions,  but  he  cannot 
repress  or  control  certain  involun¬ 
tary  reactions,  such  as  minor  vari- 
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Boide  Pothometur  dreult.  Ulutbating  the  electronic  principles  inrolTed  in  amplifying 
choagee  la  eUn  resistoace.  The  actual  drcidt  now  being  used  employs  more  con- 
Teatlonal  boloaced  stages  for  d*c  amplification,  along  with  feedback  for  greater 
stability  oecomponyteg  Increased  seaslttTity.  The  sensitlTity  ierel  is  changed  by 
varying  the  amount  of  resistemce  in  series  with  the  sublect  or  by  chongiag  the 

d-«  voltage  source 
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Warnings  against  unstable 


voltages  ore  unnecessory 


equipment  protected  with  built 


CONSTANT  VOLTAGE 


Unstable  voltage  on  commercial 
power  lines  is  so  prevalent  that  many 
manufactiirers  of  electrical  and  elec¬ 
tronic  equipment  have  found  it  nec¬ 
essary  to  warn  their  customers  of  its 
existence  and  its  possible  effects  on 
the  operation  and  efficiency  of  the 
equipment. 

There  is  an  easy  and  inexpensive 
solution  to  this  important  problem 
—specify  a  Sola  Constant  Volt¬ 
age  Transformer  as  a  component 


part  of  your  equipment.  There  are 
several  types  of  Sola  Constant 
Voltage  Transformers  specially 
designed  for  this  purpose — small, 
compact  units  in  capacities  ranging 
from  lOVA  to  several  KVA.  Other 
capacities  and  designs  can  be  custom 
built  to  your  specifications.  _ 

Once  installed  in  your  equipment 
they  require  no  pampering  or  super¬ 
vision.  They  are  fully  automatic,  in¬ 
stantly  correcting  voltage  fluctua¬ 


Consla 


_ 

■MfoMjjcjipuyyHwers 


tions  as  great  as  ±15%.  They  are 
self-protecting  against  short  circuit. 

No  sales  manager  will  overlook  the 
added  salability  of  a  product  that 
features  this  guarantee  of  perform¬ 
ance,  low  maintenance  cost  and  sat¬ 
isfaction  to  the  user. 

Sola  engineers  with  wide  experi¬ 
ence  in  the  application  of  the  Sola 
Constant  Voltage  principle  are 
available  for  consultation  on  details 
of  design  specifications. 


To  Oosign  fnglnoors: 

Complete,  new  hand-book  of 
Constant  Voltage  Transformers 
available  on  request. 

Ask  tor  ByUorin  OCV-102 


TNmlaiimn  #•«  Comtonl  VoUag*  •Cold  Cothodo  UghHng  •  Morcury  Lamps  •  Sorlos  Ughting  •  Flworoscont  Ughting  •  X-Roy  EquSpmont  •  Luminous  Tub#  Signs 
lumor  Ignition  •  Radio  •  Pcwor  •  Controls  •  Signal  Systoms  •  Door  Bells  and  Chimes  •  etc  SOLA  lUCTIIC  CO.,  2579  aybovrn  Avo.,  Chicago  lA,  HI. 
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ations  in  breathing,  increased  re¬ 
activity  of  his  heart  and  almost  im¬ 
perceptible  changes  in  the  electrical 
character  of  his  body. 

One  of  these  involuntary  body  r 
actions,  known  since  1790,  is  th 
change  in  the  apparent  electrics^! 
resistance  of  the  skin  of  the  sub¬ 
ject  during  emotional  stress.  This 
was  utilized  by  the  late  Dr.  W.  G.  j 
Summers,  a  Jesuit  scientist  and 


For  more  than  MO  ffkara 


we.have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal  spe* 
cialists  as  well.  Consult .  us  on  your  “crystal 
problems’’. 


Council  Bluffs,  Iowa 


CHrSTALS  tXCLUSIVtLY  SINCf  1934 


Th*M  timpl*  metal  electrodes,  held  in 
the  palms  by  strops,  are  the  only  con* 
nection  to  the  subiect  daring  a  decep¬ 
tion  test  with  the  Fordhom  Pothometer 


gfz/iy 

PROVIDE  DELAYS  RANGING 
FROM  I  TO  120  SECONDS 


Other  important  foaturos  includo:-^ 

1.  Compensated  for  ambient  temperature 
changes  from  —40“  to  110°F. 

2.  Contact  ratings  up  to  115V-10a  AC. 

3.  Hermetically  sealed  —  not  affected  by  al¬ 
titude,  moisture  or  other  climate  changes  .  .  . 
Explosion-proof. 

4.  Octal  radio  base  for  easy  replacement. 
Compact,  light,  rugged,  inexpensive. 

Circuits  available;  SPST  Normally  Open,* 
V  sl^T  Normally  Closed. 

WII>fT:S  YOUR  PROBLEM?  Send  for  "Spe- 
ctof  l^oblem  Shoot"  and  Doocrlptivo 
RoKoHn. 


lAMPERITE  CO. 

In  Canada:  Atlas  Radio  Corp.,  Ltd. 
560  King  St.  W.,  Toronto 


delay 


porcelpm;^ 

hecrfer_li 


with  hoofer  wound 
diro€tly  on  blade 

'O'  ■ 


.psychologist  and  founder  of  the  De¬ 
partment  of  Psychology  at  Ford- 
ham  University/'in  the  development 
of  his  ink-recording  psychogalva¬ 
nometer,  called  the  Fathometer. 
When  this  in.strument  is  used  to 
pick  up  and  record  the  variations  in 
resistance  between  two  points  on 
the  skin  during  questioning,  a  sin¬ 
gle  recording  provides  easily  inter¬ 
preted  indications  having  better 
than  98  percent  accuracy  in  the 
diagnosis  of  guilt  and  innocence. 
The  suspect  feels  nothing  and  hence 
has  no  opportunity  to  control  the 
involuntary  electrical  changes  oc¬ 
curring  at  the  surface  of  his  skin. 
No  diagnosis  of  guilt  or  innocence 
made  with  this  equipment  has  yet 
been  contradicted  by  later  evidence, 
and  already  over  300  criminal  situa¬ 
tions  have  been  diagnosed  with  the 
aid. of  the  Fathometer.  Although 
applied  chiefly  to  criminal  cases 
largely  in  cooperation  with  police 
authorities,  it  has  been  more  re¬ 
cently  used  by  the  armed  forces  and 
also  in  connection  with  the  diag¬ 
nosis  of  mental  disorders. 

The  Fordham  technique  involves 
attaching  a  german  silver  electro 
in  the  palm  of  each  hand  with  a  si 
pie  strap  or  bandage,  applying  a  di 
rect  voltage  of  from  li  to  22i  vo*' 
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20TA  RECTtfIfft.  0*(ign«4  to  fvrnith 
filooionl  and  iMato  cvrront  to  lino  oMfdifiors 
(uch  at  tho  langovin  102  Soriot.  Dolivori  275 
V.  at  75  M,A.,  5.3  V.  at  •  A.  Ungtii  lOn'V'*. 
Width  5«»''.  Moximum  hoight  5%*  iSVi"* 
I”  bolow  mounting  chotsH).  Occu|»iat 
ono  third  longovin  Tyfto  3A  mounting  fromo. 


The  Langevin  Com  pa  tt  g 

INCORPORATCD  # 

SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 


NEW  YORK 
37  W.  65  St.,  23 


SAN  FRANCISCO 
1050  Howard  St.,  3 


LOS  ANGELES 
1000  N  Seward  Si.  38 


*  ^7^ 

ype  201  Series  Rectifiers  consist  of  Type  201  A,  described  obove,  and  201 B. 

^  Type  201 A  is  supplied  with  a  single  filter  stage,  whereas  Type  201 B  has  a  dual  filter 

•  stage.  Latter  type  designed,  to  supply  filament  and  plate  power  for  quiet  pre¬ 
amplifiers  such  as  Langevin  Type  106  or  111.  In  addition  supplies  associated  line 
omptifiers  such  as  Langevin  102  Series.  These  units  possess  excellent  regulotion 
ond  low  ripple  content. 

.  ^  Send  today  for  complete  engineering  information  about  these  and  other 
Lohgevrn  apparatus. 


Small,  bat  OH.  MIGHTT! 


Yet,  here  is  a  mighty  important  little  unit  de¬ 
signed  and  developed  by  Cook  engineers. 
Here  it  a  small  relay,  one  of  the  "400”  series 
of  Cook  relays  (illustration  above  is  actual  size) 
that  will  meet  the  most  exacting  requirements 
of  all  engineers  and  manufacturers.  Here  it  0 
space-saver  that  makes  no  sacrifice  of  sturdi¬ 
ness,  accessibility,  life  of  service  or  all  'round 
quality  in  comparison  with  larger  standard  type 
relays.  Like  all  Cook  relays,  the  "400"  is  built 
of  the  finest  materials.  Stainless  steel  bearing 
pint  for  long  life  and  permanent  adjustment, 
new  coil  terminal  design  to  prevent  coil  losses 
dtn  to  breakage  of  lead  wires,  wide  spacing  of 


spring  terminals,  and  elongated  holes  to  facili¬ 
tate  wiring,  high  permeable  magnetic  materials 
annealed  in  controlled  atmosphere,  coils 
wrapped  in  serving  and  bakelite  impregnated 
against  moisture  to  Air  Corps  specifications 
with  single  or  twin  contacts  and  single  or 
double  spring  pile-ups. 

Production  of  all  types  of  these  relays  is  still 
limited  to  high  priority  Government  contracts; 
however,  our  home  and  field  engineers  will  be 
pleased  to  consult  with  you  on  your  post-war 
requirements,  on  this  as  well  as  all  Cook 
products. 


(depending  upon  the  electrical  re¬ 
sistance  of  the  subject,  which  can 
range  from  6,000  to  120,000  ohms 
for  various  individuals  and  differ¬ 
ent  times  of  the  day),  and  using  a 
two-stage  d~c  amplifier  and  Ester- 
,line-Angus  ink-recording  milliam- 
meter  to  produce  a  trace  of  current 
versus  time.  The  current  is  pro¬ 
portional  to  the  resistance  between 
the  pick-up  electrodes;  both  cur¬ 
rent  and  resistance  vary  as  much  as 


2700  SOUTHPORT  AVENUE 


CHICAGO  14,  ILLINOIS 


Sample  record  of  a  guilty  person,  show¬ 
ing  consistently  Iccrge  reactions  to 
questions  pertaining  to  guilt  (G),  to 
actual  possession  of  stolen  obiect  (P) 
and  to  knowledge  of  person  who  stole 
obiect  (K) 


10  percent  for  large  emotional  re¬ 
actions,  and  from  3  to  5  percent  for 
responses  to  questions  evoking  em¬ 
barrassment  or  touching  oh  crime 
but  not  involving  personal  guilt  or 
knowledge. 

The  use  of  only  one  index  elim¬ 
inates  the  problem  of  analyzing 
conflicting  indications  encountered 
with  other  techniques.  Thus,  a 
blood  pressure  curve  may  indicate 
truthfulness  while  the  respiration 
curve  will  indicate  a  lie. 

Nature  of  Examination 

The  person  examined  is  comfort¬ 
ably  seated  in  a  large  arm  chair 
facing  away  from  the  operator,  so 
that  the  latter  is  uninfluenced  by 
the  facial  expressions  of  the  sus¬ 
pect.  After  preliminary  balancing 
of  the  person  into  the  electrical  cir¬ 
cuit,  the  operator  proceeds  with  the 
questioning.  This  is  done  in  a  low 
monotone,  special  care  being  taken 
to  eliminate  any  stress  or  inflection 
upon  critical  words  or  phrases. 

The  questions  are  prepared  be¬ 
forehand.  They  are  specific  to  the 
case  under  investigation  and  are 
worded  to  obtain  either  a  yes  or  no 
answer.  A  summary  of  the  case 
and  history  of  the  persons  involved 
is  studied  a  few  days  before  the 
examination  as  a  guide  for  prepar¬ 
ing  the  questions. 

Several  different  sets  of  ques¬ 
tions  are  prepared,  two  or  three 
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how  to  tame  30^000  horsepower 


shown  at  the  right.  By  responding  to 
minute  changes  in  speed,  it  aiitoniatically 
makes  the  necessary  adjustments — com¬ 
pensating  for  any  fluctuations  in  power 
supply  or  changes  in  load.  Thus,  through 
the  delicate  sensitivity  of  electronic  tubes, 
it  is  possible  to  tame  36,000  bp. 

Accurate  sjjeed  and  voltage  regulation 
is  just  one  of  the  many  practical  applica¬ 
tions  of  electronics  perfected  to  meet  war¬ 
time  demands.  You  may  want  to  know 
more  about  this  or  other  electronic  de¬ 
velopments  for  your  industry.  Your  near¬ 
est  Westinghouse  office  is  ready  to  pro¬ 
vide  full  information  ...  or  write  to 
Westinghouse  Eler^tric  &  Mfg.  Co..  P.O. 
Box  868,  Pittsburgh  30,  Pa.  j.91071 


Above  you  see  the  six  giant  prof 
for  one  of  Uncle  Sam’s  mighty  new 
tunnels  —  where  NACA  research 
neers  are  working  out  the  desigi 
still  faster  and  higher-flying  pL 


lanes. 

Driving  these  40-foot  propellers  are  six 
6000  hp  motors,  each  weighing  57  tons. 
And  in  spite  of  the  size  of  the  motors,  the 
complicated  system  of  exciters, 


THE  ELECTRONIC  REGULATOR 

Through  the  sensitivity  of 
electronic  tubes,  this  device  ac¬ 
curately  regulates  the  speed  by 
controlling  the  voltage  on  the 
“’running”  generator,  despite 
fluctuations  in  power  supply 
or  changes  in  load.  It  has 
wide  applications  in  continu¬ 
ous  process  industries,  wher¬ 
ever  accurate  control  of  ma¬ 
chine  speed  is  essential  to 
uniformity  of  product. 


genera¬ 
tors,  spinning  shafts  and  whirling  pro¬ 
pellers — the  speed  of  each  motor  must  be 
held  to  extreme  accuracy. 

By  making  a  complete  study  of  the 
system,  Westinghouse  engineers  '  were 
able  to  determine  the  proper  regulator 
system  to  do  the  job.  It  turned  out  to  be 
the  small,  compact  electronic  regulator 


ouse 


PLANTS  IN  25  CmES 


OPflCES  CVWYWHEtE 


tVNE  IN  JOHN  CHARLES  THOMAS,  SUNDAY— 2;30  EWT,  NBC, 
®AR  ted  MALONE,  MON.  TUES.  wed.  EVENINGS,  BLUE  NETWORK, 
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befilg  given  on  each  of  two  days 
comprising  the  test  period.  The 
goal  is  to  gain  corroborative  evi¬ 
dence  as  to  guilt  or  innocent  on  two 
different  days,  possibly  under  dif¬ 
ferent  emotional  conditions,  on 
which  the  operator  is  justified  in 
rendering  judgment. 

The  accuracy  of  any  lie  detector 
depends  to  a  great  extent  upon  the 
nature  of  the  questions  used  and 
the  sequence  in  which  they  are 
given.  In  general,  questions  related 
to  the  crime  and  involving  knowl¬ 
edge,  guilt  or  possession  are  re- 


flccomiCE 


Somple  Mcord  of  cm  oocomplice  to  o 
crime,  showing  a  large  reoction  to 
question  K.  "Do  you  know  who  took 
the  money?",  but  not  to  P.  "Do  you 
hare  the  money?"  or  G.  "Did  you  take 
the  money?"  The  latter  two  giro  gol- 
▼anic  reactions  of  about  the  same 
magnitude  as  the  matter-of-fact  stand¬ 
ard  questions  interspersed  omong  the 
critical  questions 


peated  frequently  in  various  forms 
during  the  questioning  period. 
They  are  interspersed  with  two  or 
more  so-called  neutral  questions 
like  “Did  you  ever  carry  a  re¬ 
volver?”  or  “Were  you  ever  ar¬ 
rested?”,  selected  to  cause  emo¬ 
tional  embarrassment  larger  than 
a  normal  reaction.  By  making  the 
neutral  questions  apply  to  crime, 
though  not  necessarily  to  the  guilt 
of  the  subject,  the  investigators  se¬ 
cure  an  emotional  standard  that 
gives  adequate  comparative  cri¬ 
teria. 

One  or  two  questions  alone  can¬ 
not  indicate  truth  or  deception; 
many  questions  must  be  given  to 
note  the  trend  in  the  reaction.  For 
example,  in  the  case  of  a  murder 
suspect,  a  very  strong  reaction  may 
be  given  even  by  an  innocent  per¬ 
son  the  first  time  that  the  question 
“Did  you  kill  him?”  is  asked.  Each 
succeeding  time  this  question  is 
asked,  however,  the  reaction  will 
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SPECIFICATIONS 
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MATERIAL 


PHINOUCS 


HOOK  UP  WIRES 


WAXES 


PROTECTION 

9S-T  (Phenyl  Mercury) 
15-1 -t  (Phenyl  Mercury) 
1-1 -T  (Phenyl  Mercury) 

1-1 -P  (Pentechlorphenol) 
27A  (Phenyl  Mercury) 
27PA  (Pentachlorphenoll 
27SA  jSalicylanilide) 


25X  (Phenyl  Mercury) 


APPLICATION 


Spray  or  dip.  lake  at  100"C  1  hr. 
Spray  or  dip.  lake  at  120«C  1  hr. 
Fungicidal  wax  cone.  Impregnate 
Fungicidal  wax  cone.  Impregnate 
Air  Dry  Varnish.  Note  —  Air  dry 

Air  Dry  Varnish.  »  •  ^  h  a  s 

Ai  ts  u  ,  A  poorer  adhesion 
Air  Dry  Varnish,  than  baking  coat¬ 
ings. 


Brush,  spray  or  dip.  Air  dry. 


Dry  cord  at  8S«C  for  2  hrs.  Dip 
1  c  T  I DL.  I  s j  I  solution  for  40  seconds.  Dry  at 

TEXTILE  COVERED  tp  p  r’' u  ii  “r?.  *‘*^LY*  Thjs  is  a  25% 

X  CAmiK  JC-lo-r  (rentachlorphenol)  solution.  This  product  also  obtain- 
WABtea  JC-U-S  (Salicylanilide)  f**'*  wild  wax  form  using  six 
'  '  '  types  of  various  melting  poinr 

waxes  and  fungicides. 


OVERALL  SPRAYS 


1-1 -T  (Phenyl  Mercury) 

1-1 -P  (Pentechlorphenol) 

2SA  (Phenyl  Mercury) 
25PA  (Pentechlorphenol) 
25SA  (Salicylanilide) 

27A  (Phenyl  Mercury) 
27PA  (Pentechlorphenol) 
27SA  (Salicylanilide) 


A  fungicidal  wax  concentrate  for 
use  with  micro-crystalline  wax.  In¬ 
corporate  in  ratio  of  1:10. 


Air  Dry  Lacquers. 


Air  Dry  Varnishes. 


ADDITIONAL  INFORMATION  AVAIUDLE  UPON  REQUEST 


THE  INSL-X  CO.,  Inc.  •  857  Meeker  Ave.  •  Brooklyn  22,  N.  Y. 


Philadelphia 


INSL-X— FIRST  IN  FUNGICIDAL  COATINGS 
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Schweitzer  has  solved 
it  with  .00025” 

Schweitzer  Paper  Company,  one  of  the  larg- 
ea  producers  of  condenser  papers,  ^nsed  ^ 
the  need  of  a  condenser  paper  thin  enough  '! 
for  use  in  the  small  housings  necessary  for 
war  and  post-war  equipment.  Experiment,  ' 
based  on  experience,  enabled  them  to  ere-  : 
ate  a  paper  gauged  to  .00025'^ .  .with  a  tol-  - 
erance  of  +  or  —  .000025".  Perhaps  tiny 

a 

housings  are  not  your  problem ...  but  what-  | 
ever  your  problem  may  be.  if  it  has  to  do 
with  paper  for  condensers,  coils,  trans¬ 
formers,  or  other  insulation  purposes ..  .you 
can  solve  it  with  Schweitzer.  Ij 

SCHWEITZER  PAPER  CO. 

142  MILLER  STREET  •  NEWARK,N.J.  I 
Plants:  Newark,  Jersey  City,  Mt.  Holly  Springs,  Pa.  ■ 
Research  Laboratories :  Chrysler  BMcm  New  York,  N.  Y.  I 
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be  less  and  will  finally  be  normal 
as  the  initial  startle  and  fear  re¬ 
sponse  drops  to  the  level  of  the 
emotional  standard  response.  How¬ 
ever,  if  the  subject  is  guilty  even 
though  denying  the  crime,  the 
Fathometer  trace  will  show  almost 
uniformly  high  response  each  time 
that  the  pertinent  question  is 
asked. 

The  lie  detector  can  only  prove 
whether  or  not  a  man  believes  what 
he  says.  Thus,  if  a  mental  case  who 
believes  he  is  Napoleon  is  subjected 
to  the  test,  the  lie  detector  will  in¬ 
variably  indicate  truthfulness  each 
time  the  question  is  asked  “Are  you 
Napoleon?”.  On  the  other  hand,  it 

HKcnn  cMn  RC  HMC  w  me 
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GradadUy  diminishing  rssponss  (rsod- 
ing  from  right  to  left)  to  the  question 
"Did  you  help  kill  Mrs.  C?"  shows  the 
subiect's  denlols  of  crime  to  be  truth¬ 
ful.  Fathometer  eridence  here  resulted 
in  a  confession  and  the  electric  choir 
for  the  murderer,  and  proved  the  in¬ 
nocence  of  a  suspect  who  was  deliber¬ 
ately  incriminated  by  the  murderer  in 
his  confession 


is  practically  impossible  to  fake  a 
belief  and  fool  the  lie  detector.  This 
is  important  in  insurance  compen¬ 
sation  cases,  where  people  have  suc¬ 
ceeded  in  feigning  injuries  or  even 
paralysis  before  the  best  doctors, 
yet  cannot  fool  the  lie  detector. 

The  lie  jietector  should  not  be 
used  in  approximately  10  percent 
of  the  cases,  involving  mentally  un¬ 
stable  subjects,  those  in  which 
drugs  have  been  used,  and  cases 
where  fatigue  has  not  been  elim¬ 
inated. 

Legal  Decisiovs 

There  are  at  least  three  cases  al¬ 
ready  in  which  the  results  of  the 
Fordham  Fathometer  have  been  ad¬ 
mitted  in  evidence.  In  1938,  for  the 
first  time  in  the  history  of  lie  de¬ 
tection,  evidence  based  upon  a  de¬ 
ception  test  was  introduced  in  court 
and  accepted  as  legal  evidence  over 
the  objection  of  the  district  attor¬ 
ney  (Feople  vs.  Kenny  (167)  Misc. 
51,  3  N.Y.S.  (2d)  County  Ct. 
1938).  Deception  test  results  were 


HICKOK  Instruments  have  long 
been  known  as  the  ultimate  in 
scientific  development.  Illustrated 
here  are  but  4  of  our  36  leaders  in 
the  Radio  Service  field.  Thousands 
of  Radio  Service  men  have  preferred 
HICKOK  Instruments  because  of 
their  unusual  accuracy  and  de¬ 
pendability.  •  HICKOK  pioneered 
in  Dynamic  Mutual  Conductance 
Tube  Testing  Equipment.  In  the 
field  of  Signal  Generators,  Traceo- 
meters,  Vacuum  tube  Voltmeters, 
Oscillographs,  Zero  Current  Testers, 
Volt-ohm-milliam  -  meters  and 
Industrial  Analyzers  the  name 
HICKOK  is  assurance  of  excellence. 


THE  HICKOK  ELECTRICAL 
INSTRUMENT  COMPANY 

10527  Dupont  Ave.,  Cleveland  8,  Ohio 
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CORNING 
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Special  Electrical  Qualities 
Thermal  Endurance* 
Hermetic  Sealing 
Mechanical  Strength 
Corrosion  Resistance 
Precision 
Permanence 
Metallizing 
Dimensional  Stability 

High  dielectric  strength — high  resis¬ 
tivity — low  power  factor — wide  range 
of  dielectric  constants — low  losses  at 
all  frequencies. 

Permanent  hermetic  seals  against  gas, 
oil  and  water  readily  made  between 
glass  and  metal  or  glass  arid  glass. 

Commercial  fabrication  to  the  fine 
tolerances  of  precision  metal  working. 

Coming’s  metallizing  processproduces 
metal  areas  of  fixed  and  exact  specifi¬ 
cation,  permanently  bonded  to  glass. 


AS  YOU  plan  post-war  electronic  products,  give  a  thought  to  versatile  glass.  We 
really  mean  glasses,  for  Corning  has,  at  its  fingertips,  25,000  different  glass  formulae 
from  which  to  select  those  especially  suited  to  your  electronic  applications.  Let  us  show 
what  glass  can  do  for  you.  We  may  already  have  a  solution  —  or  Corning  Research  can 
find  the  answer  for  you.  Address  Electronic  Sales  Dept.,  E-4  Bulb  and  Tubing  Division, 
Corning  Glass  Works,  Corning,  New  York. 


**PYREX’%  ••VYCOR”  and  “CORNING**  are  registered  trade-marks  and  indieate  manufacture  by  Coming  Glass  norks,  teaming,  Pf*  i, 
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also  accepted  as  evidence  before  a 
referee  in  a  compensation  court, 
again  over  the  objection  of  the  de¬ 
fense  attorney  (Industrial  Board 
of  State  of  New  York,  case  No. 
37514096).  In  New  York  City,  a 
magistrate’s  court  similarly  ac¬ 
cepted  such  evidence.  In  all  these 
instances  the  subjects  were  tested 
by  means  of  the  Fathometer. 
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Radar  Fire  Hazard 

A  SERIOUS  FIRE  HAZARD  to  life  and 
property  exists  when  gasoline  is 
transferred  from  one  container  to 
another  in  the  vicinity  of  an  oper¬ 
ating  radar  set.  High-frequency 
current  is  induced  into  the  con¬ 
tainers  and  sparks  jumping  be¬ 
tween  them  can  cause  an  explosion 
and  fire.  The  filling  of  gasoline 
heaters  in  radar  sets  and  the  filling 
of  power  plant  and  vehicle  fuel 
tanks  near  radar  sets  are  the  chief 
sources  of  this  hazard.  It  is  recom¬ 
mended  that  a  radar  set  be  shut 
down  when  it  is  necessary  to  pour 
gasoline  from  one  container  to  an¬ 
other  in  the  vicinity  of  the  set. 

•  •  • 

Waterproofing  Radio  and 
Electronic  Equipment 

By  Edward  C.  Warrick 

Engineering  Diviaion 
The  Oroaley  Corporation 

In  peace  time,  manufacturers  of 
equipment  were  not  concerned  to 
any  marked  degree  with  the  prob¬ 
lem  of  protecting  their  products 
from  extreme  weather  conditions 
since  the  people  using  this  equip¬ 
ment  took  precautions  to  prevent 
harmful  exposure  to  the  elements. 
However,  our  armed  forces  during 
war  time  do  not  always  have  the 
time  or  facilities  for  properly  pro¬ 
tecting  their  equipment  as  it  is 
sometimes  operated  in  the  rain,  in 
fox  holes  and  may  even  be  fioated 
ashore  from  landing  craft. 

'Reports  from  the  war  fronts  in¬ 
dicated  numerous  occasions  where 
equipment  that  normally  would  op¬ 
erate  many  hours  failed  to  function 


Applicable  to  Any  Akra-Ohm  Type 


BX  Processing  for  Shallcross  Akra-Ohm 
Close  Tolerance  Wire-Wound  Resistors  is 
the  culmination  of  extensive  specialized 
engineering  research  in  close  conjunction 
with  the  exacting  demands  of  the  nation's 
armed  forces. 

ANTI-FUNGUS  TEST- Exposed  in  actual 

outdoor  conditions  in  which  the  known  fungi 
were  numerous  and  under  an  average  rela¬ 
tive  humidity  of  95%,  no  fungus  or  corrosion 
was  apparent  after  88  days. 

SALT  SPRAY^  Large  users  have  certified 
that  8X  Resistors  successfully  withstand  200 
hours  of  salt  spray  containing  20%  sodium 
chloride. 


HUMIDITY-  Production  sampies  supplied  to 
a  leading  manufacturer's  laboratory  success¬ 
fully  withstood  90  days  exposure  to  90% 
relative  humidity  at  a  temperature  of  85°  F. 
Atootured  while  wet,  at  the  end  of  the  test, 
the  resistors  were  still  within  a  few  tenths  of 
one  percent  of  their  original  value  I 

TEMPERATURE  CYCLING -FWe  cydes 

of  -55°  C.  to  -i-85°  C  hove  no  effect  on  the 
coating  or  stability  of  BX  Processed  Resistors 
— a  fact  confirmed  by  impartial  tests  in  sev¬ 
eral  large  industrial  laboratories. 

Shallcross  BX  Processed  Resistors  are  iden¬ 
tified  by  the  prefix  "BX"  on  the  standard 
type  number.  Write  for  details. 


HIGHLY  RESISTANT  TO 
MOISTURE  AND  FUNGUS 


SHALLCROSS  MFC.  CO. 


DIPT.  E-4S,  COLLINODALI,  PA. 
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Nationally  recognized  engineering  talent  .  .  .  sharpened 
by  intelligent  specialization  .  .  .  broadened  by  the  ex* 
acting  tests  of  war  .  .  .  explains,  in  part,  PLASTIC'S 
amazing  progress  in  the  field  of  thermoplastic  insulation. 
Also  responsible  are  latest  equipment,  careful  materials 
control,  and  a  personnel  whose  loyalty  and  devotion  is 
."above  and  beyond  the  call  of  duty."  You  can  utilize  to 
advantage  ...  in  today's  planning  and  tomorrow's  pro¬ 
duction  .  .  .  this  experience  and  ability.  Available  for  the 
asking  is  the  "know  how"  which  can  make  your  product 
a  BETTER  product.  You  can  DEPEND  on  PLASTIC  for 
design  .  .  .  development  .  .  .  delivery. 


L.  W.  LORD.  Presidant  M.  H.  PHILUP&  Vic  PrMKtont  .nd  Trcwuer 
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RADIO,  SOUND  and 
COMMUNICATIONS 
EQUIPMENT 


Fig.  1 — Detail  ol  end  of  a  metal  cabinet 
showing  use  of  a  step  bracket 

case  to  carry  a  gasket  can  be  added. 
The  removable  cover  is  made  from 
a  die  casting  having  a  locating 
flange  to  fit  around  the  outside  of 
th£  case  and  a  V-ridge  to  fit  into 
the  gasket  material.  External 
clamping  latches  are  used  in  place 
of  screws.  The  latches  are  spot 


However  advanced  your  own  product-development  work  may  be  .  .  . 
however  new  or  revolutionary  the  permanent  magnets  you  require 
. . .  Arnold  engineers  can  be  of  considerable  assistance  to  you  in  supply¬ 
ing  the  proper  permanent  magnets  in  volume.  They’re  precision-built 
entirely  in  our  own  plant,  under  the  closest  metallurgical,  mechan¬ 
ical  and  magnetic  control  to  assure  peak  efficiency  at  the  lowest  cost. 

I  Get  your  copy  of  this  valuable,  up- 
S  to>the>minute  manual  on  the  design, 
produaion  and  application  of  modern  Alnico  per¬ 
manent  magnets.  Write  us,  on  your  company  letter¬ 
head,  today. 


entirely  or  performed  for  a  very 
short  time  when  delivered  to  our 
fighting  men.  Many  of  these  fail¬ 
ures  were  due  to  moisture  and  wa¬ 
ter  getting  inside  the  cases  onto  the 
working  parts  during  shipment,  in 
field  warehouses  or  in  actual  field 
service.  The  engineers  of  the  Sig¬ 
nal  Corps  and  manufacturers  were 
called  upon  to  develop  ways  and 
means  of  combating  this  problem. 
One  of  the  problems,  moisture 
proofing,  can  be  solved  by  water¬ 
proofing  the  housing  of  the  unit  in 
addition  to  the  moistureproof  treat¬ 
ment  of  some  of  the  component 
parts. 

To  accomplish  this  all  shafts, 
openings,  windows,  etc.,  must  be 
sealed;  all  rivets  and  spot  welded 
seams  must  be  waterproofed;  cov¬ 
ers  and  their  mountings  must  be 
properly  designed.  Not  only  must 
everything  on  or  through  the  case 
be  watertight,  but  ways  and  means 
had  to  be  found  to  dissipate  the 
heat  generated  inside  the  case. 

Metal  Cabinets 

It  had  been  standard  practice  to 
form  a  box  out  of  sheet  metal,  fas¬ 
tening  the  sides  or  ends  by  riveting 
or  spot  welding.  The  removable 
side  or  end  was  held  in  place  by 
screws.  Louvers  were  often  placed 
in  the  sides  and  back  for  ventila¬ 
tion. 

To  replace  a  case  of  this  construc¬ 
tion  and  still  save  as  many  tools  as 
possible,  a  step  bracket  (see  Fig.  1) 
around  the  entire  open  end  of  the 


TliK  Ak.noli)  Kn(;inkkkin(;  Compaq 


147  EAST  ONTARIO  STREET,  CHICAGO  11,  ILLINOIS 


Specialists  in  the  manufacture  of 
ALNICO  PERMANENT  MAGNETS 
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...but  TUOPICALIZKl)  Q-Mox  A>27,  H.  F.  Loquer  Offers  Sure  Protecthu 


From  the  moment  your  communication 
or  electrical  product  arrives  on  a  Pacific 
beachhead,  its  “number  is  up” — unless, 
of  course,  it  has  been  tropicalized!  For 
Fungi  and  Mold,  those  deadly  parasitic 
organisms  that  thrive  in  a  hot,  humid, 
tropical  atmosphere,  are  insidious  per¬ 
formance  enemies  that  do  not  respect 
the  finest  workmanship  your  factory  can 
build  into  any  component  part. 

The  sure,  safe  and  effective  antidote  is 
Tropicalized  Q-Max  A-27,  H.F.  Lacquer 
that  can  easily  be  applied  by  brushing 

or  dipping  as  a  post-  - 

assembly  operation.  'coo>cioi  Tron.mi 
This  dependable  fungi-  SHrU 

cide- and -lacquer  com- 
bination  offers  every  Antunna  md 


Coaxial  TransmUtion  Lina  and  Fittings 
Starling  Switchas 
Awta-Dryaira 


Antanna  and  Radiating  Systams 
Trapicolisad  O-Max  A-27,  H.F.  Locguor 


delicate  part  double-barreled  protec¬ 
tion.  It  offers  the  protection  of  the 
fungicide  and  that  offered  by  the  Q-Max 
Lacquer,  long  known  for  its  good  elec¬ 
trical  characteristics  and  corrosion  re¬ 
sistance.  And  Q-Max  not  only  fungus- 
proofs  the  coated  area,  but  the  untreated 
surfaces  adjacent  to  the  treated  part  as 
well. 

Send  for  your  copy  of  “Tropicalized 
Q-Max  A-27,  H.F.  Lacquer”,  a  folder 
which  supplies  complete  details.  Specify 
this  factory-mixed  fungicidal  lacquer 

-  that’s  non-toxic  and 

jna  and  Fittings  meets  Government  spec- 

ichas  ifications — look  for  the 

word  “Tropicalized”  on 
ting  Systams  '  Q-MaX  label. 


■ 

^ntammicSUcn 

Q-MAX  CHEMICAL  DIVISION:  346  BERGEN  AVENUE,  JERSEY  OTY  5,  N.  J. 


PRODUCTS  COMPANY,  INC. 
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Capacitor*  u*ed  in  P»mont’»tamo««o. 

aeope*  are  eapeeially  deeigned,  engm. 
.„d  manufactured  for  »nn*nal  per 
anee  under  difficult  operating  coud, 


welded  to  the  exterior  of  the  sheet- 
metal  case  and  latch  over  the  die- 
cast  cover.  The  louvers  are  omit¬ 
ted,  and  to  help  dissipate  the  gener¬ 
ated  heat,  the  entire  inside  of  the 
case  is  painted  black.  All  seams  are 
brazed  or  welded  their  entire 
length  and  the  tenons  of  tapped 
studs  to  be  used  for  mountings  are 
first  dipped  in  a  hard-setting  seal¬ 
ing  compound  and  then  riveted  to 
the  case. 

Glands  in  Holes 

All  shafts  subject  to  movement 
are  waterproofed  by  use  of  packing 
glands.  The  design  of  the  gland  is 
determined  by  the  space  available 
and  the  type  of  panel  through 
which  the  shaft  extends.  If  the 
panel  is  a  die-cast  or  sand-cast 
piece  where  a  counterbore  can  be 
utilized,  then  the  construction  con- 


PAPER,  OIL  AND  ELECTROLYTIC  CAPACITORS 


DISTRICT  OFFICE  S  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTOR'S  STOCKS 


Fig.  2 — Method  ol  sealing  a  shaft  hole 
in  a  cast  panel 

sists  of  a  circular  rubber  washer 
backed  up  with  a  metal  washer. 
This  type  of  construction  is  shown 
in  Fig.  2.  A  packing  nut  is  used 
to  hold  the  rubber  and  metal  wash¬ 
ers  in  place.  As  the  packing  nut  is 
tightened,  it  forces  the  rubber 
against  the  bottom  of  the  counter- 
bored  hole.  Since  the  diameter  of 
the  counterbore  is  just  slightly 
larger  than  the  outside  diameter  of 
the  rubber  washer,  it  also  causes 
the  rubber  to  seal  around  the  shaft. 
A  suitable  lubricant  is  used  on  the 
shaft  to  prevent  the  rubber  from 
gripping  the  metal. 

For  sheet-metal  panels,  a  differ¬ 
ent  type  of  gland  is  used.  As  shown 
in  Fig.  3,  this  type  of  construction 
consists  of  a  metal  bushing  having 
a  rubber  diaphragm  vulcanized  to 
it.  The  rubber  diaphragm  is  held  in 
place  by  screws  through  the  panel 
and  diaphragm  into  a  back-up  metal 
disc.  These  screws  are  dipped  into 
a  sealing  compound  before  being 
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1725  W.  NORTH  AVE.,  CHICAGO  22,  U.  S.  A. 
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Cast  Case. 
Scaling  Washcr 
IfoTATiNG  Shaft 
Mctal  Washer 

"'^Sealing  Washer 
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Th9  Machlett "  White  Room”,  first  in  tho  industry 


Machlolt  Laboratories,  Springdale 


YEARS  AGO 


TUBES  WERE  PRAISED 


IN  1902  Dr.  W.  J.  Morton,  distin- 
I  guished  scientist,  doctor  and  pig^ 
neer  in  the  then-newfield  of  rgpet^n- 

■^ngYf  wrntA  to 

”My  special  tube,  as  you  manu¬ 
factured  it,  is  truly  a  success  and 
I  don’t  know  how  I  could  obtain 
anything  better.  Please  make  me 
another  one  as  soon  as  you  pos¬ 
sibly  can." 

Though  little  was  known  about  X>rays 
at  that  time,  one  thing  was  clear  to 
the  men  using  them:  the  best  tubes 
available  were  made  by  Machlett. 
We  believe  that  is  still  true  today. 

The  transition  from  the  original 
Machlett  Laboratory  to  the  two 
modem  plants  at  Springdale  and 
Norwalk,  Connecticut,  was  a  gradual 
process.  It  was  made  possible  by 
constant  improvement  in  the  tubei^ 
by  developing  new  techniques  fbr 


their  manufacture,  and  by  designing 
and  making  new  types  for  new  appli¬ 
cations.  Thus  Machlett  became  the 
largest  producer  of  X-ray  tubes  in 
the  world. 

Today  we  also  apply  our  half  a 
century  of  experience  to  the  produc¬ 
tion  of  other  electron  tubes,  such  as 
oscillators,  amplifiers  and  rectifiers 
for  radio  and  industrial  uses.  For 
information  as  to  available  types  of 
Machlett  tubes,  write  Machlett  Labo¬ 
ratories,  lnc.,Springdale,  Connecticut. 


Machlett  laboratories,  Norwolk 


A^-893 — high  power 
osdilator  and  ampli¬ 
fier  tube  far  radio  and 
industrial  purposes. 


APPLIES  TO  lAOlO  AAD  INDUSTIIAL  OSES 
ITS  ^^TEAAS  OF  ELECTIOM-TOOE  EXPEIIUCE 
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NOW  ODR  SKHTS  ARE  SET 


Ever  since  the  war  began — and  for  some  time 
previous— B  &  W  engineering  has  been  achieving 
in  days  what  would  normally  have  taken  months. 
Production  was  quickly  doubled  and  redoubled. 

Then  it  was  doubled  again. 

Somewhere  along  the  line,  we  began  catching 
up  with  the  tremendous  demand  placed  upon  us 
or  the  coveted  Army-Navy  *’E”  burgee  would  not 
now  be  here. 

We*re  proud  of  this  recognition.  We  were  more 
than  pleased  when  the  Flag  arrived— even  though 
there  was  time  for  no  more  than  a  fervent  20- 
minute  salute.  There  are  still  Air  Inductors,  vari- 
.  able  capacitors  and  special  electronic  assemblies 
to  be  produced— in  more  intricate  designs  and  in 
larger  quantities  than  seemed  possible  only  a  few 
years  ago.  There  are  still  stars  to  be  added  to  our 
**E”  burgee.  There  is  still  a  war  to  be  won! 

BARKER  &  WJLLIAMSON 

AIR  INDUaORS«VAIUABU  CONDENSERS  •ELECTRONIC  EQUIPMENT  ASSEMBUES 

235  FAIRFKLD  AVENUE,  UPPER  DARRY,  PA. 

iMporti  UNOITIVES,  Inc,  10  ROCKEFaUR  PLAZA,  NIW  YORK,  N.  Y.,  U.  S.  A. 


5Mf ET  Metal  Ca»c 
^UBBEK  Diaphcabm 
Metal  SusHiNa 
Kotatina  Shaft 

Rubbek  Washek 

ScAllNB  COHAOONI) 
Akounp  Thebe 
SUBrACCS. 


Fig.  3 — Glond  conatruction  for  sealing 
o  slmet^ietal  panel 


assembled.  Sealing  compound  is 
also  placed  between  the  diaphragm 
and  the  panel.  The  rotating  shaft 
for  this  type  of  installation  has  an 
undercut  which  carries  a  rubber  ' 
sealing  washer  which  is  circular  in 
cross  section.  The  diameter  of  the 
bushing,  being  slightly  less  than 
that  of  the  rubber  washer  when  in¬ 
stalled  on  the  shaft,  causes  the  rub¬ 
ber  to  be  squeezed  between  the 
shaft  and  the  bushing,  creating  the 
seal.  As  in  the  preceding  type  6f 
gland,  lubricant  is  used  between  the 
rubber  and  the  bushing. 

The  third  type  of  packing  gland 
used  requires  considerably  more 
space  than  the  two  explained  above. 
This  method  has  been  used  for 
years  on  propeller  shafts  and  water 
pumps  and  is  illustrated  in  Fig.  4. 

It  consists  of  a  packing  nut  having 


Fig.  4 — Shedt  hole  can  also  be  sealed 
with  impregnated  cord  and  a  packing 
nut 


a  countersink  at  the  base  of  the 
threads  and  a  packing  gland  having 
a  similar  countersink.  A  graphite 
impregnated  cord,  which  is  wound 
around  the  shaft,  is  forced  into  the 
small  space  created  by  the  counter¬ 
sinks.  This  seals  around  the  shaft 
as  well  as  around  the  inside  diam¬ 
eter  of  the  gland.  The  impregna¬ 
tion  of  the  cord  serves  as  a  lubri¬ 
cant  and  as  a  water  seal. 

Pushbuttons  and  toggle  switches 
used  on  some  pieces  of  equipment 
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1.  Inner  flexible  conduit  affords  maximum  physical  pro¬ 
tection  to  wiring. 

3.  Broided  wire  covering,  sometimes  in  multiple  layers, 
im'proves  the  electrical  shielding  and  provides  in¬ 
creased  ruggedness. 

3.  AAain  conduit  manifold  is  bent  to  shape  from  seamless 


The  Breeze  Raclio  Ignition  Shielding  which 
equips  the  modern  aircraft  engine  is.  the  product 
of  extensive  laboratory  test  and  research. 

Effective  shielding  calls  for  a  metal  case  of  high 
conductivity  around  possible  sources  of  radio  in¬ 
terference,  designed  to  lead  off  high  frequency  im¬ 
pulses  to  the  ground  and  prevent  their  radiation. 
Each  installation  must  be  custom  engineered  to 
meet  the  needs  of  the  problems  involved. 

Breeze  Shielding  is  designed  for  ruggedness,  re¬ 
sistance  to  vibration,  and  maximum  isolation  of 
high  frequency  interference.  Each  wire  of  the 
braided  cover  must  be  positively  soldered  at  each 
connection,  inner  conduit  must  be  tight  to  avoid 
electrical  leakage,  and  fittings  must  be  precision- 
machined  for  close  fit  and  uniform  pressure  of 
contact  faces. 


New  shielding  problems  presented  by  the  rapid 
advance  in  the  science  of  radio  communication  and 
television  are  constantly  being  solved  by  Breeze 
engineering.  A  background  of  many  years  experi¬ 
ence  in  shielding  automotive,  aircraft,  marine  and 
commercial  engines  has  made  Breeze  America’s 
headquarters  for  Radio  Ignition  Shielding. 
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TYPE  A/O.  6A/AO 

SELF-LOCKING 


- Case 

— Tapfed  Plate 
— Moulded  Puesea 

COVKK 

--  Posh  Button 
Siwitch 

^_^^Not 

p — Bkacket 
V-Tomle  Switch 

_ _ _  . 

Compound  Akound 
Thcse  Sureacbs 


Fig.  5 — molded  rubber  coTer  seals 
pushbuttons  and  toggle-switch  handles 


are  covered  with  a  molded  rubber 
cover  as  shown  in  Fig.  5.  This 
cover  is  fastened  to  the  panel  with 
screws  and  a  back  up  plate.  Sealing 
compound  is  placed  between  the 
panel  and  the  cover  and  also  on  the 
screw  threads.  The  rubber  cover 
has  molded  extrusions  which  lit 
over  the  buttons  or  switch  handle, 
making  them  readily  accessible. 

In  cases  where  it  is  necessary  to 
run  tie  rods  through  the  panel,  the 
tie  rods  are  sealed  fly  using  a  rub¬ 
ber  gasket  backed  up  by  a  cup 
washer.  This  construction  is  shown 
in  Fig.  6.  As  the  fastening  nut  is 
tightened,  the  cup  washer  forces 
the  rubber  into  the  threads  of  the 
tie  rod  and  at  the  same  time  forces 
it  tight  against  the  panel. 

Cables  and  Connectors 

Cable  connectors  for  electrical 
leads  proved  to  be  somewhat  of  a 
problem.  However,  the  manufac¬ 
turers  of  these  connectors  produced 
a  unit  having  inserts  molded  into  a 
Bakelite  base  which  in  turn  is  sealed 
in  a  metal  shell  by  means  of  a  seal¬ 
ing  compound.  The  connector  is 
mounted  to  the  panel  with  a  gasket 
between  the  two  pieces.  The  screws 
used  for  mounting  are  screwed  into 
blind  tapped  holes  or  dipped  into 
sealing  compound  and  fastened  into 
screw  plates. 

Liquid  Leaks  in  Cable 

The  most  surprising  source  of 
leaks  were  electrical  cables.  These 
cables  vary  in  length  from  several 
inches  to  several  yards  and  are 
made  up  from  two  to  eight  individ¬ 
ual  wires.  The  wires  are  shielded 
and  covered  by  a  rubber  sleeving, 
but  even  with  this  compact  ar¬ 
rangement,  water  was  found  to 
seep  the  entire  length  of  the  cable. 
Several  methods  for  sealing  these 
cables  were  tried  with  the  final 


When  the  Type  6NAO  Palnut  is  tight¬ 
ened,  its  arched,  slutted  jaws  grip  the 
huh  like  a  chuck  (1-1),  while  spring 
tension  is  exerted  upward  on  the  bolt 
threads  and  downward  on  the  part 
(2-2).  securely  locking  both.  A  third 
grip  is  exerted  around  the  top  of  the 
boll  by  spring  tension  at  3-3. 


The  new  Type  6NAO  Self-Locking  Palnut 
may  be  used  as  a  one-piece  locknnt  to 
secnrely  fasten  parts — or  as  an  adjusting 
nnt  to  maintain  accurate  settings  any¬ 
where  on  the  screw.  (See  typical  use 
herewith.) 


When  used  as  a  fastening,  the  full  triple 
grip  is  utilized  to  keep  parts  tight  under 
vibration,  without  need  of  lockwashers. 
When  used  as  an  adjusting  nut,  the  third 
gripping  action  (3-3)  locks  it  firmly  in 
position. 


Type  6NAO  Palnuts  are  single  thread 
loeknnts,  made  of  tempered  spring  steel. 
Light  in  weight,  low  in  cost,  easily, 
speedily  applied.  Send  details  of  your 
assembly  for  sampless  and  suggestions. 
Write  for  new  data  sheet  and  copy  of 
Palnut  Manual  No.  2,  giving  information 
on  all  types  of  Self-Locking  Palnuts. 


THE  PALNUT  COMPANY 

77  COIOIER  ST.  IRVINGTON  II,  N.  J. 


Adjusting  Nut  on  Relay 
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prablems  more  power  in  a  hurry... 

CORNEU-DUBHIER  HAD  THE  ANSWER 
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American  Industry  had  to  speed  up  for  war  pro* 
duction.  That  meant  more  electric  power— much 
more.  But  there  was  no  time  to  build  new  generat* 
ing  equipment,  nor  could  we  release  copper  and 
other  critical  materials. 


CORNELL*  DUBILIER  ENGINEERS  HAD  A  SOLUTION  .  .  . 

C-D  Power-Factor  Capacitors.  They’re  easy  to  in¬ 
stall  quickly,  they  save  man-hours  and  critical 
materials. 


Like  all  C-D  Capacitors,  power  factor  units  are 
precision  products.  To  make  sure  of  their  perfec¬ 


tion,  highly  trained  men,  long  skilled  in  testing 
capacitors  check  and  recheck  repeatedly  through¬ 
out  production. 


Devotion  to  detail  is  a  habit  with  C-D  craftsmen. 
Their  precision  methods  have  made  C-D’s  famed 
for  dependability  since  1910.  Look  to  C-D  for 
capacitors  of  better-than-specified  quality,  per¬ 
formance  and  life.  Cornell-Dubilier  Electric  Cor¬ 
poration,  South  Plainfield,  N.  J.  Other  Plants: 
New  Bedford,  Brookline,  Worcester,  Mass,  and 
Providence,  R.  I. 
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MOTOR  DATA 

No.  126 


:!300  FUAME  MOTOR 

1/5  HP  at  3800  RPM 


FEATURES 


StriM  or  shunt  wowHi 


Wgk  starting  torqno 


Low  stsrtiag  currant 


High  offidoncy 


Armatara  and  Hold  windiags 


m 

2300  FRAME  MOTORS 

aait 

terlee 

Watts  Output,  ht. 

(max.) 

160 

Torque  at  6000  RPM 

(in.  oz.) 

40 

Torque  at  3800  RPM 

(in.  oz.) 

57 

Lock  Torque 

(in.  oz.) 

120 

Volts  Input 

(min.) 

5 

Volts  Input 

(max.) 

110 

Temperature  Rise 

(int.) 

50®C 

Diameter 

2^6*^ 

Length  less  shaft 

456" 

Shaft  Dia. 

(max.) 

.312* 

Weight 

(lbs.) 

2.4 

50®C 

25/i6* 

IH" 

.312*^ 

1.5 


Eneco)®  Brs®. 


1501  W.  Congress  St.,  Chicago,  U.S.A. 

DYNAMOTORS  •  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

fxporf  Ad  Auriomo.  89  Broach  Sf  Nr»w  yorir,  U.  S.  A.  Cob/f*  Aur-t-ma  N*  Y'o'i' 


Fig.  6 — Simple  seal  ior  tie  rods 

answer  being  a  liquid  tar  drawn 
into  one  end  of  the  cable  by  a  vac¬ 
uum  applied  at  the  opposite  end. 
Cables  sealed  in  this  manner  are 
tested  under  three  feet  of  water 
for  a  period  of  twenty-four  hours. 
Careful  examination  at  the  end  of 
this  time  disclosed  that  water  had 
not  traveled  from  one  end  of  the 
cable  to  the  other.  In  assembling 
the  cable  to  the  unit,  the  end  of  the 
cable  into  which  the  melted  tar  had 
been  drawn  is  left  in  the  open  while 
the  opposite  end  is  sealed  into  the 
case.  By  assembling  in  this  man¬ 
ner,  water  is  excluded  from  the  en¬ 
tire  length  of  the  cable. 

Phone  Jacks 

The  final  and  most  troublesome 
part  of  waterproofing  was  phone 
jacks  used  for  plugging  in  a  micro¬ 
phone,  ear  phone,  speaker  or  trans¬ 
mitting  key.  These  jacks  must  be 
easily  accessible  and  at  the  same 
time  must  be  waterproof.  Spring- 
actuated  hinged  covers,  having  a 
rubber  gasket,  were  tried  but  due 
to  production  tolerances  were  not 
too  successful.  A  rubber  balloon  ar¬ 
rangement  shown  in  Fig.  7  fas¬ 
tened  and  sealed  to  the  inside  of 
the  case  around  the  jack  body,  hav¬ 
ing  a  hole  for  wires  to  pass  through, 
proved  satisfactory.  The  wires  are 
first  coated  with  a  rubber  cement, 


Fig.  7 — rubber  balloon  behind  the 
panel  and  on  owdliory  rubber  cover 
leoli  a  phone  lack 
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Above  photo,  courtesy  of  Collins  Radio  Com¬ 


pany,  Cedar  Rapids,  Iowa.  It  shows  installa¬ 


tion  of  a  Whitaker  Assembly  in  a  Collins  TDO 


Transmitter 


Illustration  at  right  shows 


Assembly  being  made  at  Whitaker  plant. 


IF  YOUR  PRODUCT  requires 

★  WIRING  HARNESSES  ★  CABLE  ASSEMBLIES 

★  BONDING  JUMPERS  ie  CABLE  or  TERMINALS 

-  you^ll  find  WHITAKER  a  dependable  source 


You  can  save  time  and  money  by  having  Whitaker 
produce  the  cable  ^assemblies  required  for  your  prod¬ 
ucts  ...  In  turning  your  wiring  jobs  over  to  us,  you  are 
making  the  right  connection  for  quality  merchandise 
made  to  exacting  specifications,  and  when 
your  men  instedl  the  completed  assemblies, 
they  will  find  every  lead  and  terminal  pro¬ 
perly  positioned  for  the  right  connection  .  .  . 

You  win  both  ways  .  .  .  Furthermore,  you  will 
find  your  production  costs  reduced  as  the 


result  of  utilizing  our  specialized  facilities.  You  get 
full  benefits  of  our  25  years  of  experience,  our  ample 
production  facilities,  skilled  manpower,  and  the  econ¬ 
omies  resulting  from  our  use  of  modern  methods  and 
special  equipment. 

In  addition  to  an  engineered  wiring  serv¬ 
ice,  Whitaker  also  offers  a  quality  line  of 
standard  cable  products. 

Write  for  latest  catalog,  and  complete 
information. 


WHITAKER  CABLE  CORPORATION 

General  Offices:  1307  Burlington  Avenue,  Kansas  City  16,  Missouri 
Factories:  Kansas  City,  Mo.  •  St.  Joseph,  Mo.  •  Philadelphia  •  Oakland 
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It  s  Just  A  Case 

of  Making  the  Right  Connection 


-  WHITAKER  CUSTOM-MADE 
CABLE  ASSEMBLIES 
are  supplied  ready  to  install 


I 


then  passed  through  the  hole  in  the 
balloon.  The  flange  on  the  balloon 
is  then  tied  tightly  around  the  wires 
with  a  piece  of  cord  and  more  rub¬ 
ber  cement  applied.  This  method 
is  now  being  used  in  production. 
Other  arrangements  which  may 
prove  superior  are  now  in  the  ex¬ 
perimental  stages. 

We  believe  there  will  be  many  ap¬ 
plications  of  waterproofing  to  vari¬ 
ous  pieces  of  special  equipment 
after  the  war.  The  time  spent  in 
research  and  development  and  the 
production  line  experience  gained 
during  the  war  will  permit  us  to 
produce  products  which  will  give 
dependable  performance  under  all 
conditions. 


Transmission  of 

Color  Pictures  by  Facsimile 

• 

Colored  photographs  can  be  sent 
and  received  at  any  distance  in  the 
form  of  three-color  separation  films 
ready  for  the  customary  photo¬ 
graphic  processing  in  assembling 
a  colored  print,  according  to  a  pat¬ 
ent  covering  transmission  of  color 
by  facsimile  granted  recently  to 
Finch  Telecommunications,  Inc. 

The  system  is  based  on  standard 
facsimile  equipment  and  practice  of 
the  Finch  system,  with  certain 
changes  in  transmitter  and  re¬ 
ceiver.  In  transmitting  copy  or 
black  and  white  photographs  and 
drawings,  transmitting  and  receiv¬ 
ing  drums  are  the  same  size  and  di¬ 
ameter  and  are  synchronized  to 
operate  at  equal  speeds.  On  the  or¬ 
dinary  black  and  white  Finch  fac¬ 
simile  transmitter,  the  scanning 
head  assembly  includes  an  exciting 
lamp,  lens  system,  and  photocell, 
which  are  given  a  reciprocating  mo¬ 
tion  through  the  operation  of  a 
driving  cam  at  the  bottom  of  the 
main  driving  shaft.  During  each 
cycle  of  operation,  the  scanning 
head  is  swung  from  left  to  right 
through  an  angle  of  42  deg  and  is 
returned  to  complete  its  cycle  in 
one  second.  The  drive  is  by  a 
1/16-hp  synchronous  motor  that  op¬ 
erates  at  1800  rpm  and  drives  the 
scanning  mechanism  by  means  of 
speed-reducing  gears  with  a  step- 
down  of  30:1,  which  turns  the  main 
drive  shaft  at  a  speed  of  60  rpm. 

Full  Color  Transmitted 

While  the  patent  anticipated 
transmitting  the  primary  color  sep- 


r^EVER  has  man's  mind  baan  so  taxed  as  it  is  today  ...  and 
navar  have  his  accomplishments  been  greater.  In  supplying  the 
demands  created  by  a  world  at  war,  products  that  were  scarcely 
even  dreamed  of  a  few  years  ago  are  today  realities  ...  and  it 
all  happens  so  smoothly,  so  precisely,  so  naturally,  that  we  scarcely 
realize  the  wonder  of  it  all.  Research  in  every  field  of  endeavor 
has  moved  us  ahead  fully  half  a  century  in  time.  So  it  is  with 
The  Astatic  Corporation.  While  producing  important  essentials 
for  wartime  use.  Astatic  engineers  have  also  plannad  for  the 
postwar  pariod.  Among  Astatic's  many  new  and  improved  prod¬ 
ucts  for  the  detection,  recording  and  pickup  of  sound  will  be  a 
zephyr-light  pickup  for  phonograph  and  radio  phonograph  sets  as 
important  to  improved  phonograph  performance  as  PM  will  be  to 
radio.  Now,  as  never  before,  the  human  voice  and  instrumental 
artistry  of  the  entertainment  world  will  be  reproduced  from 
modern  recordings  with  tone  fidelity  and  true-to-life  realism  to 
bring  a  great,  new  listening  audience  "closer  to  the  stars." 


You'll  HEAR  MORE 
from  Astatic” 


Corporation 

W'  CONNEAUT,  OHIO 

Wthtm  IN  CANADA  CANADIAN  ASTATIC  LTD.,  TORONTO,  ONTARIO  ^ 
ASTATIC  Crystal  Products  manufactured  under  Brush  Development  Co.  patents' 
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THE  OLD  WAY 


THE  NEW  WAY 


PANR  COILFOtMS  made  of 
three  layers  of  0.004  inch 
gummed  kraft  paper,  with 
vulcanized  fiber  flanges, 
anchored  by  fillet  of  phenolic 
cement. 


NYLON  COILFORMS  injec¬ 
tion  molded  of  Du  Pont 
FM-1  nylon  molding  powder 
by  Boonton  Molding  Co. 
Boonton,  N.  J.,  for  Control 
Instrument  Co. ,  Bklyn.  ,N.Y. 


ADVANTAGES — For  maTimiim  sensitivity  and  out¬ 
put  in  Navy  sound-powered  telephone  units,  many 
turns  of  wire  must  be  placed  as  close  to  an  arma¬ 
ture  as  possible.  Though  the  wall  of  the  nylon 
core  is  only  0.012  inch  thick,  it  maintains,  under 
test,  dimensional  and  dielectric  stability  at  tem¬ 
peratures  ranging  from  -60°  F.  to  +400°  F. 
According  to  the  manufacturer,  operations  have 
been  reduced  from  six  to  three,  thus  contributing 
to  cutting  the  cost  of  the  finished  coilform  by 
50%  with  the  use  of  nylon.  With  the  old  materials 
only  about  10%  yield  was  obtained;  with  nylon 
the  average  yield  is  better  than  95%.  With  a  two- 
cavity  die,  injection-molded  nylon  has  increased 
coilform  production  per  man  800  to  1000%. 

AVAILABILITY — The  current  supply  of  Du  Pont 
nylon  is  available  only  for  war  applications  and 
experimental  work.  For  information  vnrite  E.  I. 
du  Pont  de  Nemours  &  Company  (Inc.),  Plastics 
Department,  Arlington,  New  Jersey. 


BETTER  THINGS  FOR  BETTER  LIVING 
...THROUGH  CHEMISTRY 


SDPOBl 


COILFORMS  OF  NYLON 

Used  in  U.  S,  Navy  Sound^Powered  Telephone  Units 

FOUND  TOUGHER- LESS  EXPENSIVE-MORE  HEAT-RESISTANT 
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PUSH  BUTTON  OPERATED 

^  SPEED  TESTER  ^ 

^  SUPREME  MODEI^^ 
592 


n.juj.jdu  11 


LANSING  CORPORATION 


1210  TATT  tlOO^  HOUYWOOO  28,  CALIF 


YOU  6  IT  I  N  A 

DUPLEX  SPEAKER 

A  smooth  40  cycle  low  bass 
response,  15,000  cycJes 
plus  in  the  high  frequency 
range  is  all  any  engineer  or 
listener  can  ask  for  in  high 
quality  sound  reproduction. 
Add  a  60  degree  angle  of 
horizontal  distribution ...  a 
40  degree  angle  of  vertical 
distribution  and  you  have 
more  than  you  ask  for  in 
sound  reproduction.  You 
enjoy  them  all  in  the  Duplex 
speaker.  The  SPEAKER  that 
*  REVOLUTIONIZES  the 
methods  of  sound  REPRO- 
DUaiON. 

SEND  FOR  BULLETINS 


aration  prints  of  a  colored  picture 
to  a  remote  point,  transmissions  to 
date  have  been  from  a  full  color 
print  to  three  color  separation  posi¬ 
tives,  assembled  into  colored  prints 
by  the  usual  photographic  meth¬ 
ods  after  reception. 

For  color  transmission,  the 
equipment  receives  minor  changes 
in  transmitter  and  receiver.  A  color 
disk  is  interposed  between  the  scan¬ 
ning  eye  and  the  picture  on  the 
drum  of  the  transmitter.  This  color 
filter  contains  triangular  gelatine 
sections  of  the  three  primary  colors 
so  that  each  in  turn  is  filtered  out 
and  transmitted  to  be  recorded  by 
exposure  of  the  film  on  the  receiver 
drum. 

Separations  Made  hy  Receiver 

The  transmitting  cylinder  on  the 
color  transmitter  revolves  at  300 
rpm  while  the  color  disk  revolves 
but  once  in  the  same  time.  Thus, 
the  first  color  selected  for  trans¬ 
mission  is  filtered  out  and  sent.  The 
receiver,  located  in  a  dark  room, 
has  on  its  drum  unexposed  films  of 
the  same  measurement  as  the  full 
color  picture  on  the  sending  drum. 
The  receiving  drum  revolves  at 
only  100  rpm  and  has  three  times 
the  circumference  of  the  transmit¬ 
ting  drum,  so  that  it  takes  all  three 
films  to  record  the  three  principle 
colqrs. 

During  the  time  the  transmitter 

•  •  • 

CHINESE  RADIO 
INDUSTRY 


Army  r*ceiTinq  equipment  is  tested  in 
a  plant  oi  the  Central  Radio  Works 
near  Kweilin  that  has.  at  least  until 
recently,  produced  all  the  radio  appo- 
ratus  used  by  the  Chinese  Army  and 
broadcast  stations  operated  by  the  got- 
enunent 


SUPREME 


TESTING  INSTRUMENTS 


Supreme  Instruments  Corp 
CretnuHtod^  V.  5-  4. 
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868  EX 


has  a  high  content  of  mineral  filler. 


...after  being  subjected  to  180^  F.  for  8 
hours  showed  very  good  resistance  to  cold 
flow. 

. . .  submitted  to  temperatures  of  minus  40-50° 
F.  for  several  hours,  did  not  fracture  readily 
or  show  excessive  brittleness.  At  0°  F.  to  20°  F. 
868  EX  showed  remarkable  flexibility. 

. . .  has  good  adhesion,  toughness,  resistance 
to  fracture,  waterproof  and  dielectric  qualities. 

PHYSICAL  CHARACTERISTICS 

Softening  Point  (ring  and  boll)  . 245°  F. 

Specific  Gravity  (60°  F.)....  . 2.02-2.03 

Penetration  f  32/200/60  .  26 

ofBasic  1  77/100/5  .......  40 

Compound  1115/50/5  55 

Flash  Point  . 475°  F. 

Fire  Point  .  .  . .  565°  F. 

Suggested  Pouring 

Temperature  . 400°  F.-425°  F. 


Fiberqlot  Varnished  Tape  end  Cloth 
Insulatinq  Papers  and  Twines 
Coble  Fillinq  and  Pothead  Compounds 
Friction  Tope  and  Splice 
Transformer  Compounds 


A  PARTIAL  LIST  OF  M-R  PRODUCTS 

Fiberglos  Saturated  Sleeving  ond  Varnished  Tubing 

Asbestos  Sleeving  and  Tape 

Varnished  Combric  Cloth  and  Tope 

Mica  Plate.  Tope,  Paper,  Cloth  and  Tubing 


Fiberglos  Broided  Sleeving 
Cotton  Tapes,  Webbings  and  Sleevinqs 
Impregnated  Varnish  Tubing 
Insulating  Vornishes  of  oil  types 
Eitruded  Plastic  Tubing 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 

51  MURRAY  STREET  COrtlandt  7-9264  NEW  YORK  7,  N.Y. 


EST  1889 


After  two  years  in  test  ~868 
EX  was  made  available  to 
meet  the  most  damaging  con¬ 
ditions  known  for  potting  com¬ 
pounds.  Its  qualities  soon  be¬ 
came  apparent  and  today 
—  868  EX  is  doing  'Yeoman 
Service’  protecting  war  equip¬ 
ment  by  resistance  to  cracking 
from  low  temperatures  and 
flow  from  elevated  tempera¬ 
tures  while  retaining  the  nec¬ 
essary  electrical  and  water¬ 
proof  characteristics. 

868  EX  is  especially  suited  for 
sealing  transformers,  light-  * 
ning  arrestors,  communication 
equipment  and  other  products 
which  require  potting  for  pos¬ 
itive-protection  against  mois¬ 
ture  despite  extreme  tempera¬ 
tures,  plus  or  minus. 


Upon  written  request  a  One  Gal¬ 
lon  Sample  of  ■Sf868  EX  will  be 
sent,  gladly,  for  laboratory  tests 
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has  sent  a  complete  line  from  top 
to  bottom  of  a  picture,  the  receiv¬ 
ing  drum  revolves  only  one-third 
of  a  revolution,  covering  a  single 
line  on  one  color  film.  In  this  way, 
the  scanner  selects  and  transmits 
impulses  for  .the  different  colors, 
the  receiving  electric  eye  opening 
and  closing  to  expose  the  films  in 
the  proper  places  for  each  of  the 
primary  colors. 

Identifying  Separations 

In  sending  a  picture,  it  is  neces¬ 
sary  to  transmit  an  identification 
mark  indicating  the  order  in  which 
the  colors  are  being  scanned.  The 
color  filter  may  be  started  with  any 
of  the  three  colors  and  will  auto¬ 
matically  rotate  through  the  series. 
Without  identification  of  this  order 
of  scanning  the  colors,  the  person 
on  the  receiving  end  might,  with 
certain  pictures,  meet  difficulty  in 
knowing  which  color  a  film  repre¬ 
sents. 

The  films  formed  at  the  receiver 
are  positives.  In  assembling  them 
into  a  picture,  the  process  is  the 
same  as  in  making  the  usual  full- 
color  print  of  a  photograph.  Re¬ 
ceived  positives  are  on  thin  trans¬ 
lucent  or  transparent  gelatine. 
After  the  film  is  developed,  it  is 
bleached  in  the  conventional  man¬ 
ner  and  the  separations  are  dyed 
to  their  proper  color  with  an  aniline 
dye  or  by  toning  them  with  metallic 
salt  solutions  which  combine  with 
the  silver  retained  in  the  print. 
Finally,  the  monochrome  colored 
prints  are  superimposed  to  foiTn  an 
integral  final  picture,  laminated  on 
paper  or  board  back  as  in  thef  case 
of  any  colored  photographic  print. 

Use  of  the  system  commercially 
as  a  post-war  project'  suggests  that 
photographs  now  regularly  trans¬ 
mitted  over  long  distances  may  be 
increasingly  sent  in  color.  The  prin¬ 
ciple  deterrent,  however,  would  ap¬ 
pear  to  be  limited  use  of  color  re¬ 
production  either  by  letter-press 
printing  or  photo-offset  in  maga¬ 
zines  and  other  periodicals.  The 
method  also  suggests  itself  as  a 
low-cost  method  of  or¬ 
dinary  color  separation  by  an  en¬ 
graver  who  might  set  up  transmit¬ 
ter  and  receiver  in  the  same  room 
and  separate  either  prints  or  color 
negatives  into  three  separation 
negatives  from  which  to  make 
plates  for  letter-press  printing  of 
color. 


MOTORS  for 
ELECTRONIC 
APPLICATIONS 


i/J2  HP  — ns  V-60  Cy.  —  l  Pb.  1800  RPM  —  A.C. 
Clockwise,  synchronous,  ball  bearing. 


Cut  shows  one  of  momy  types  and  idzes  of  Ohio  Motors  de¬ 
signed  for  driving  Electronic  Devices.  ^ 

RANGE 

l/iOO  to  2  HP.— A.C. 

1/100  to  1  HP.— D.C. 

1/1000  to  V*  HP. — A.C.  Synchronous. 

1  to  100  os.  ft.  A.C.  Torquo. 

Sholl  typo  motors  for  built-in  eq>plicotions  to  4  HP.^ — ^D.C.  ond  to  7V^  HP. — A.C. 

AU  usiiol  voltaqos  and  cyclos.  ...  — 

What  Is  your  problem? 

THE  OHIO  ELECTRIC  MANUFACTURING  CO. 

5908  'Maurice  Avenue,  Cleveland  4,  Ohio 
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As  the  science  of  electronics  reaches  out  to  new 
horizons,  the  contributions  of  research  specialists  in 
insulation  become  increasingly  important. 

It  is  our  job  to  research  materials  and 

develop  bodies  for  insulators  with  the  special 
characteristics  and  performance  that  enable  the 
designer’s  theory  to  become  practice. 

In  cooperation  with  manufacturers  of  electronic, 
radio  and  electrical  equipment,  we  have  developed 

formulas  and  designs  for  AlSiMag  Insulators 
which  are  vital  parts  of  communications 

and  controls  of  planes,  warships,  tanks, 
guns  and  other  machines  of  war. 

Constant  research,  experimentation  and  commercial 
development  keep  pace  with  the  insulating 
requirements  of  today’s  products  and  provide  the 
foundation  for  tomorrow’s  designs.  Whatever  you 

^e  planning  in  the  electrical  and  electronic  Held, 
we  believe  our  experience  and  specialized  knowledge 

of  insulators  can  be  helpful.  Let’s  work  together. 


AMERICAN  LAVA  CORPORATION 

Chattanooga  5,  fannaatmm 
43RD  YiAR  OF  CiRAMIC  LfADIRSHIR 


■l•<tr•ilic  Davie** 
il*«tricfll  CirewU*  mm4 
ARplIvnc** 

0«*  *114  OH  Heating 
A***a>**iv*  l^wl|*iN*nt 


FOR  USI  INt 


TRADE  MARK  RED.  U.l.  RAT.  OFFICE 

CERAMIC  INSULATORS 


because  the  wave-guide  equations 
so  derived  do  not  contain  as  a 
^  limiting  .case  the  transmission-line 

246  equations. 

246  One  illustration  of  this  approach 
254  given  in  the  second  paper  is  that  of 

266  terminal  impedance  of  a  cyl¬ 

indrical  brass  pipe  excited  in  the 
H„  mode  and  containing  a  dielectric 
as  shown  in  Fig.  1.  The  terminal 
resistance  and  impedance  are  shown 
in  Fig.  2. 

Wave  guides  are  analyzed  on  the  rent,  thereby  providing  a  tool  for 

basis  of  transmission-line  theory  solving  transmission  problems,  the 

and  the  results  applied  to  condi-  variation  of  the  field  perpendicular 

tions  of  guides  used  as  resonators,  to  the  axis  must  be  considered  in  Two  Methods  of  Measuring 

and  to  terminal  and  input  imped-  practical  applications.  For  example,  U-H>F  Fields 

ance  in  two  companion  papers  in  two  guides  can  present  the  same 

Journal  of  Applied  Physics  for  July  terminal  impedance  and  yet  not  be 

1944.  In  the  first  paper,  David  matched  unless  the  guide  shape  and 

Middleton  and  Ronald  King  develop  wave  mode  are  comparable, 

equations  for  hollow  wave  guides  of  By  obtaining  expressions  for 
arbitrary  cross  section.  In  the  sec-  wave-guide  behavior  which  are  the 
ond  paper,  Middleton  presents  some 
applications  of  this  analysis  to  par¬ 
ticular  wave  guide  configurations. 

The  special  value  of  the  expres¬ 
sions  for  stream  and  potential  dis¬ 
tributions  as  derived  in  the  first 
paper  is  that  they  are  of  the  same 
hyperbolic  form  as  transmission¬ 
line  equations,  and  hence  can  readily 
be  interpreted  in  terms  of  the  al¬ 
ready  familiar  transmission  factors 
of  line  and  terminal  parameters, 
standing  wave  ratio,  and  efficiency 
of  power  transmission. 

However  in  drawing  such  paral¬ 
lels,  the  three-dimensional  field  con¬ 
figuration  of  the  guide  with  its  dif¬ 
ferent  modes  and  possible  variety 
of  boundaries  must  not  be  omitted. 

That  is,  although  the  stream  and 
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Trcmsmisgion  Line  Porconeters  for  Wove-Gidde  Behavior 

Two  Methodi  of  Measuring  U-H-F  Fields . 

Photoelectric  Fourier  Analysis  . 

Magnetic  Current  Investigation . 

London  Letter . 


Transmission  Line  Parameters  for  Wave-Guide  Behavior 


Measuring  ULTRA-HiGH-frequency 
electric  fields  by  the  induced  dipole 
and  dielectric  thermometer  methods 
is  described  in  the  June,  1944 
Philosophical  Magazine  (Taylor  & 
Francis,  Ltd.,  Red  Lion  Court,  Fleet 
Street,  E.C.4,  London),  by  K.  R. 
Makinson  and  H.  D.  Fraser. 

The  fields  to  be  measured  were  of 
136  Me  and  510  Me.  At  the  lower 
frequency,  both  the  dielectric  ther¬ 
mometer  and  induced  dipole  meth¬ 
ods  gave  corresponding  results.  At 
the  higher  frequency,  the  dielectric 
thermometer  appeared  useful  only 
for  comparative  field  strength  meas¬ 
urements;  the  induced  dipole  was 
found  to  be  more  accurate. 

The  induced  dipole  method  de¬ 
pends  on  the  measurement  of  the 
couple  exerted  by  the  field  on  a 
small  metallic  strip  lying  at  an 
angle  of  45  degrees  to  the  electric 
vector.  The  instrument  was  cali¬ 
brated  at  1.2  Me  and  the  calibration 
was  independent  of  frequency  up 
to  higher  than  500  Me. 

Construction  of  the  induced  di¬ 
pole  instrument  is  shown  in  the 
drawing.  The  copper  vane  dipole 
had  the  dimensions  2  cm  x  6.5  mm 
X  0.1  mm.  The  only  limitation  on 
counterparts  of  transmission-line  the  upper  frequency  which  this  in¬ 
propagation  parameters,  the  analy-  strument  can  measure  correctly  is 

tic  treatment  enables  wave-guide  that  the  dimensions  of  the  dipole  be 

problems  to  be  stated  in  terms  of  far  less  than  the  wavelength.  The 

such  quantities  as  characteristic  glass  containing  tube  was  coated 

impedance,  propagation  constant  with  lacquer  to  prevent  deposition 

and  phase  shift.  These  constants  of  moisture  which  would  tend  to 

are  evaluated  from  physical  param-  screen  the  dipole  from  the  electric 

eters  of  the  guide  and  dielectric  field. 

material,  and  the  transmission  por-  _For  conductive  strip  and  electro¬ 
potential  functions  of  the  field  along  tion  of  the  design  carried  out  along  magnetic  field,  the  couple  is  zero 

the  guide  axis  are  shown  to  be  familiar  lines.  This  is,  as  the  when  the  strip  lies  parallel  to  or 

expressable  in  the  same  form  as  authors  point  out,  a  convenience  of  perpendicular  to  the  field  and  is  at 

transmission-line  voltage  and  cur-  viewpoint  and  not  an  exact  analogy,  maximum  when  it  lies  at  an  angle 
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Fig.  2 — ^Tenninal  impadane*  of  guido 
of  Fig.  1  for  which  the  ottenuotion  in 
gidde  ii  2.11  X  10~*  n#pen/m;  in  the 
dielectric  is  2.93  X  10~*  nepers/m; 
phase  shift  in  guide  is  37.5  rad/m; 
in  dielectric  is  83.4  rad/m 


Defeefor 


Fig.  1 — ^Wore  guide  configuration  for 
which  terminal  impedance  os  a  func¬ 
tion  of  odded  length  1]  beyond  the 
dielectric  (shaded  section)  was  deter¬ 
mined.  The  operating  conditions  were: 
woTelength.  10  cm;  worelength  in 
guide.  16.8  cm;  radius  of  guide.  3.65 
cm;  conductirity  of  bross.  1.43  X  10’ 
mhos/ m 
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ARE  YOU  USING  THE  TUBING  ^ 
ded(  SUirSD  FOR  YOUR  JOB  f 


suited  means  a  varnished  tubing  or  sleeving  that  meets 
every  service  requirement ...  at  lowest  cost! 

That's  the  way  IRVINGTON  .  .  .  long  the  leader  in  electrical  insulation  .  .  . 
meets  every  tubing  or  sleeving  need.  For  IRVINGTON  makes  all  the  types 
including  non-fraying  FIBERGLAS  . . .  high  voltage  IRV-O-VOLT . . .  RADIO 
SPAGHETTI  and  SATURATED  SLEEVINGS  ...  in  a  complete  range  of 
colors  and  A.  S.  T.  M.  sizes. 


Thus  a  recommendation  from  IRVINGTON  can  be  unbiased  . . .  you  get  the 
tubing  best  suited  to  your  needs,  not  only  from  the  standpoint  of  efficiency, 
but  economy  as  well. 

In  addition,  you  get  that  extra  increment  of  electrical  surety  which 
IRVINGTON'S  'know  how'  and  'manufacturing  control'  provides.  For 
literature,  or  engineering  assistance,  write  to  Dept.  106. 


IRVINGTON  PRODUCTS: 


IRVINGTON 

VARNISH  &  INSULATOR  COMPANY 

Irvington  11 /'Now  Jorsoy 


Colton,  Fiborglas.  or  Rayon  Tubings  and 
Slaovings  —  Varnished,  Lacquered,  or 
Vinylite  Processed 

Non-Fraying  Fiberglas  Sleeving 

Transformer  Lead  Tubings 

Wire  Identification  Harkers— Varnished 
or  Plastic 


Extruded  Plastic  Tubings 
Fibron  Plastic  Tapes 
Varnished  Fabrics  and  Papsrs 
Slot  Insulations 

Hanrel  and  Irvington  Insulating 
Varnishes 

CardoUte  Resins 
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of  45  degrees.  On  the  basis  of  this, 
the  dipole  was  placed  first  at  0  de¬ 
grees,  then  at  90  degrees  to  the 
field.  That  the  correct  position  had 
been  found  was  indicated  by  switch¬ 
ing  the  field  on  and  off  and  noting 
that  there  was  no  deflection  of  the 
dipole.  With  the  field  off,  the  dipole 
strip  was  then  set  midway  between 
these  two  positions,  therefore  be¬ 
ing  at  45  degrees  to  the  field.  With 
the  field  on,  the  torsion  head  is 


Screv\\ 


.Torsion  head 


Plane 
mirror  - 
(See 
detail) 


Bakelite 
support - 


■  -  Quartz  fiber 

'Glass  containing 
tube 

■  Copper  vane 
dipole 

Window 


Detail  of  Mirror 


PRODUCTS  COMPANY 


Sptcialhed  Rubber  iegliuen 
and  Seh  MaHufocturun  of 

VIBRATION  IN¬ 
SULATORS  (MOUNTS) 
BEARINGS 

couplings 

HARRIS  COMPRESSED 
RUBBER  BEARINGS 


Construction  of  induced  dipole  for  u-h-f 
field  strength  measurements.  The  insert 
shows  the  minor  details:  reflecting  sur¬ 
faces  ore  represented  by  heory  lines 

turned  until  the  dipole  again  takes 
this  45-degree  position.  The  square 
of  the  field  strength  is  then  propor¬ 
tional  to  the  angle  of  rotation  of 
the  torsion  head.  The  dipole  was 
calibrated  at  1.2  Me  in  a  field  be¬ 
tween  20  cm  square  parallel  plates 
6.7  cm  apart.  The  field  strength 
used  was  in  the  range  of  10  to  30 
volts  per  cm. 

Dielectric  Type 

The  dielectric  thermometer  meth¬ 
od  depends  on  the  measurement  of 
the  rate  of  expansion  of  a  liquid 
dielectric  heated  by  the  field  under 
examination;  this  rate  is  propor¬ 
tional  to  the  square  of  the  field 
strength.  This  instrument  was  used 
to  compare  fields  at  two  fixed  fre¬ 
quencies  using  normal  propyl  al¬ 
cohol  of  uncertain  purity  as  the 
liquid  dielectric. 

The  dielectric  thermometer  con¬ 
sisted  of  a  thin  glass  walled  bulb 
of  0.73  cm  with  an  attached  capil- 
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Sfieed 

T^cdnec 


Drive  these  screws  yourself. 
Watch  them  actually  cut 
their  own  threads  easily  in 
any  thiekness  of  metal.  See 
what  a  snug,  tight  fastening 
each  serew  produces.  Write 
for  your  Test  Kit  No.22,  today! 


It’s  simple!  Just  figure  what  tapping  cosu  you  per 
thousand  machine  screws  used — and  donH 
foiget  to  add  the  cost  of  taps  and  maintenance.  These 
costs  are  what  you  eliminate  with  Shake|iheof 
Type  1  Thread*Cutting  Screws.  And,  what’s  more^ 
you  save  vital  assembly  time  and  get  tighter,  stronger 
fastenings,  too!  Get  complete  data  and  prices 
on  this  faster,  lo.wer  cost  assembly  method  now! 


DiiMbvter  of  Skakoproof  ProdutH  Maoufattorod  by  ItUNOIS  TOOL  WORKS 
2S01  North  Koolor  Avonuo,  Chicago  39,  Illinois 
Plants  at  Chicago  and  Elgin,  Illinois  •  In  Canada :  Canada  Illinois  Tools,  ltd.,  Toronto,  Ontario 
Lo*  Angolas  Offica  DotroH  OfSeo 

5670  Wilthir*  Mvd.,  lot  AnssUt  36,  Col.  2895  E .  Grand  Blvd..  Dotroit  2.  Mich. 
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lary  tube.  The  bulb  was  screened 
from  draughts  by  a  thin  paper 
cylinder.  The  rate  of  expansion  of 
the  dielectric  was  found  to  be  con¬ 
stant  for  the  first  minute. 

Sensitivities  of  various  liquids 
were  examined.  N-propyl  alcohol  of 
unknown  purity  was  found  to  be 
the  most  sensitive.  Calculations 
from  the  dielectric  constant  of  al¬ 
cohol  verified  the  observations  made 
with  this  dielectric  thermometer 
within  the  accuracy  of  the  known 
constants.  The  dielectric  thermom¬ 
eter  was  calibrated  against  the  in¬ 
duced  dipole. 

Because  of  the  greater  porta¬ 
bility  of  the  dielectric  thermometer, 
it  was  decided  that  the  best  proce¬ 
dure  would  be  to  calibrate  this  ther¬ 
mometer  against  the  more  sensitive 
induced  dipole  and  to  use  the  ther¬ 
mometer  for  field  measurements. 


Photoelectric  Fourier 
Analysis 

Fourier  synthesis  and  analysis  by 
a  new  photoelectric  method  is  de¬ 
scribed  in  the  October  1944  Philo¬ 
sophical  Magazine  (Taylor  &  Fran¬ 
cis,  Ltd.,  Red  Lion  Court,  Fleet 
Street,  E.C.4,  ^London),  by  R.  Furth 
and  R.  W.  Pringle. 

The  system  makes  use  of  a  disk 
of  photographic  film  on  which  the 
pattern  shown  in  Fig.  1  is  repro- 
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LIGHT  FANTASTIC! 


•  •  •  o  transformer  headed  for  65,000  feet 
I  "oltitude”  ...  at  350  degrees  temperature ! 

And  to  top  it  off,  it  had  to  be  "lighter  than  anything  on 
d»e  market,"  *they  said.  What,  we  asked,  was  it  for?  They 
couldn’t  tell  us,  and  we  don’t  know  to  this  day,  but  we  do 
know  it  was  badly  needed. 

"It  has  to  operate  not  only  on  a  60-cycle  current  at  ground 
lorel,  but  from  400  to  2600-cycle  current,  and  what’s  more, 
K  a  simulated  altitude  of  65,000  feet.” 

Thermador  built  this  special  transformer  equipment.  It 
posed  the  above  mentioned  requirements.  That  wasn’t 
enough.  They  gave  it  another  test,  in  which  they  changed 
^  temperature  from  ambient  (the  temperature  of  a  fairly 
room)  to  350— in  two  hours.  It  passed  that  test,  too. 
^Iiis  is  all  we  know  of  one  of  the  most  mysterious  jobs 
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we  ever  did,  in  the  not -mysterious  method  in  which  we 
built  all  of  our  unsformers. 

*For  reasons  of  military  security  names  cannot  be  given. 
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CARBANALYZER,  powered  by  Burgess  Industrial  Batteries,  operates  over  a  range  of  .05} 
to  1.50}  carbon  content  and  is  sensitive  to  a  change  of  .005}.  The  power  requirements 
of  modern  control  and  test  instruments  are  fully  met  by  Burgess  Industrial  Batteries— the 
standard  of  quality  for  all  commercial  uses.  The  types  you  require  may  not  be  immediately 
available  today  since  industrial  battery  production  is  greatly  reduced  by  urgent  war  needs. 

Burgess  Battery  Company,  Freeport,  Illinois 


BURGESS 

BATTERIES 

FOOD  IS  A  WAR  WEAPON-USE  IT  WISELYI 


a„  -  (2/  D  cos  (2x  n/  T)mdt  (1*) 


bn  =  (2/  T)  sin  (2t  n/T)tf(t)di  (1^) 

These  integrals  can  be  evaluated 


Mullarol  T-C4 


FIG.  3 — The  use  of  oc  mixer  tube  to 
combine  two  light  impulses  from  the 
phototube  Fourier  analyse'  accom¬ 
plishes  electrically  the  required  mathe¬ 
matical  integration  of  a  product 


PORTABLE  POWER  PROBLEMS 


THIS  MONTH— nSHER  CARBANALYZER 


*  ;r 


TIME-SAVING  carbon  content  analyses  of  steel  samples — from  molten  metal  to  report — uke 
only  five  minutes  with  the  portable,  battery-powered  Carbanalyzer,  produced  by  the 
Fisher  Scientific  Company.  Leading  steel  firms  employing  open  hearth  or  electric  furnaces 
quickly  make  carbon  determinations  of  each  steel  batch,  achieving  close  control  of  quality. 


is  rotated  between  a  light  source 
and  a  photoelectric  cell  at  a  speed  of 
300  rpm.  Associated  with  each  ring 
is  an  optical  wedge.  The  output  of 
the  photoelectric  cell  is  fed  through 
amplifiers  to  an  oscilloscope. 

In  operation,  the  optical  wedges 
are  adjusted  to  give  the  amplitude 
on  the  oscilloscope  screen  of  the 
particular  harmonic  sine  or  cosine 
terms  of  the  function  being  syn¬ 
thesized.  This  adjustment  is  done 
individually  for  each  one  of  the 
rings  with  all  the  others  blanked 
out. 

A  continuous-control  potentiom¬ 
eter  driven  from  the  same  shaft  as 


FIG.  2 — SynthMls  of  a  saw-tooth  wavs 
using  (o)  tho  first  four  forms  in  tho 
Fourior  series  ond  (b)  using  the  first 
eight  terms 

the  optical  disk  provides  the  time- 
base  for  the  oscilloscope.  Fig.  2 
shows  a  sawtooth  wave  synthesized 
by  this  method. 

This  photoelectric  method  can 
also  be  used  for  analysis  of  the 
Fourier  terms  in  a  given  periodic 
function.  The  terms  of  such  a  func¬ 
tion  are  given  by  the  formula 
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the  PAoi*****^  ® 


Can  Plastic 
lolding  improve 
yonr  pradoct? 


Considerations 
of  Plastic 
Production 


Our  new  illustrated  brochure  '*A  Business* 
man’s  Guide  to  the  Molding  of  Plastics” 
discusses  all  those  topics— and  others.  For 
engineers  and  purchasing  departments, 
some  technical  data  is  included,  along  with 
a  description  of  the  resources  and  physical 
equipment  we  devote  to  producing  better 
plastic  moldings.  If  you  are  interested  in 
this  brochure,  please  write  our  Dept.  7  and 
request  it  on  your  letterhead.  Your  copy  will 
be  mailed  promptly— with  our  compliments. 


Kun-Kas€h 


For  over  IS  years  Planners  and  Molders  in  Plastics 


Kurz-Ka«ch,  Inc.,  142S  South  Broadway,  Dayton  I,  Ohio  •  Branch  SaUi  Officac:  Now  York  •  Chicoflo  •  Ootroit 
Indionopolio  •  Loo  Angtioo  •  Dallas  •  St.  Louis  •  Toronto,  Canada  •  ixpart  OHicatt  99  Broad  Stroot,  Now  York  City 
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Mffr  THIS  NEWEST  MEMBER  OF 
THE  FREED  TRANSFORMER  FAMILY 


This  new  unit  developed  by  Freed  is  a  great  forward  step  in  filters  for 
frequency  selective  remote  control  systems;  Consisting  of  five  band  pass 
filters  having  their  inputs  in  parallel  and  five  separate  outputs,  this  multi¬ 
channel  filter  incorporates  FOUR  outstanding  features:  1.  Unusually  broad 
pass  band  and  high  attenuation  at  the  adjacent  channels;  2.  Electrical 
sta^Dility  that  permits  its  use  under  the  most,  adverse  service  conditions; 
3.  Power  handling  capability  which  makes  possible  the  use  of  a  rectifier 
and  relay  directly  in  the  output  of  the  filter;  4.  Hermetically  sealed  and 
ruggedly  constructed  for  long  life  and  durability.  Here  is  another  example 
of  Freed  pioneering  .  .  .  another  reason  why  engineers  say:  “LOOK  TO 


FREED  FOR  THE  FINEST.' 


by  the  circuit  of  Fig.  3.  The  plat«' 
current  of  the  circuit  is 

i  »  iO  -t-  dtfi  -t-  Bgt  +  Cgidt  (2) 

If  the  two  grid  voltages  are  made 
functions  of  time  this  last  term  of 
Eq.  (2)  becomes  of  the  form 

Cil/T)J\,{t)gS)dl  (3) 

where  g,(t)  is  made  to  represent 
the  term  to  be  analyzed  by  plotting 
it  in  polar  coordinates  on  a  supple¬ 
mentary  disk  mounted  in  the  trans¬ 
parent  center  of  the  disk  of  Fig.  1, 
and  gj t)  is  obtained  from  the  har¬ 
monic  sine-cosine  disk  by  blanking 
out  all  but  the  desired  ring. 

The  technique  consists  of  obtain¬ 
ing  a  current  reading  for  i  of  Eq. 
(2)  with  both  the  harmonic  and 
the  function  optical  systems  active. 
The  function  (g,)  system  is  dark¬ 
ened  and  a  current  corresponding 
to 

it  =  io+  Bg,  (4) 

is  obtained.  By  darkening  the  har¬ 
monic  (flf*)  system,  a  current  cor¬ 
responding  to 

t’l  =  t*  +  Agi  (5) 

is  obtained.  With  both  the  optical 
systems  dark  io  is  obtained.  From 
Eq.  (2),  (4)  and  (5)  and  the  value 
of  to  the  solution  for  Cg^g.  is 

Cgigi  =  i  —  ii  —  it  +  io  (6) 

which  is  the  value  of  the  definite 
integral  of  Eq.  (3).  An  analysis  of 
a  square  wave  carried  out  in  this 
method  is  given  in  the  table. 


■ 

o«(exp) 

(U  (tbeor) 

6»  (exp) 

i 

,k{th«or) 

. 

0 

0 

42 

42 

0 

0 

1 

0 

0  ■ 

0 

13 

14 

0 

0 

0 

0 

B 

1  * 

**  0 

7 

8  4 

B 

-1 

0 

2  , 

0 

H 

2 

0 

e 

6 

This  table  gives  a  comparison  of  the 
experimental  and  theoretical,  harmonic 
coefficients  of  a  square  wave  and 
shows  the  utility  of  the  ^method 

The  equipment  described  for  this 
synthesis  and  analysis  was  an  ex¬ 
perimental  laboratory  /nodel.  The 
authors  believe  that,  with  proper 
care  in  construction  of  the  optical 
system  and  the  use  of  specially  de¬ 
signed  circuits,  the  accuracy  of  the 
method  could  be  greatly  improved. 
The  ease  of  operation  and  ver¬ 
satility  of  the  method  both  for 
demonstration  and  as  an  anals^ical 
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Ease  of  handling  in  the  shop  and  permanence  in  the  finished  assembly 
are  features  of  Dieflex  varnished  tubings  and  sleevings  which  designers 
and  production  men  appreciate. 

Diefiex  Products  are  a  decided  aid  in  manufacturing — the  smooth  in¬ 
side  treated  bore  is  easy  to  thread — prevents  snagging — facilitates  telescop¬ 
ing.  The  roundness  and  non- flattening  qualities — extreme  flexibility  and 
non-fraying  qualities,  give  maximum  workability  and  protection.  The 
nberglas  grades  give  permanence.  Its  complete  varnish  impregnation  gives 
excellent  protection  against  moisture,  oils,  and  chemicals  and  provides 
maximum  electrical  insulating  qualities. 

Obtain  the  finest  varnished  tubing  products  by  specifying  Dieflex. 
They  meet  or  surpass  V.  T.  A.  and  A.  S.T.  M.  standards. 


W—wiwg  Inswlaffiia  Papsrs  wmI 
Prsss  Baaris— Dow  Coralm  SW- 
CMiM— ‘PMlisrsa  V«rnisbM*~ 
Disflax  Vwfiislia4  Tabings  anrf 


Fibarglas — NaManal  Hcwd  Plbra 
mmd  Hshgapar — flianallla  Baka- 
Bta— ABIiailva  Topaa — Aabaalaa 
Wavaa  Tapaa  aa4  Slaavlaga — Cab 
•an  Tapaa,  Wabbinga,  oml  Slaa^ 
biga.atwioHiaf  inautottng  aiolariah. 


★  CHICAGO  6  a  565  West  Washington  Blvd< 
CLEVELAND  14  a  1005  Leader  Building 


Deep  i« 
magic 


of  SOUND 


tool  are  amply  illustrated  by  results 
obtained  from  the  experimental 
setup. 

•  •  • 

Magnetic  Current  . 
Investigation 

To  VERIFY  EHBENHAFT’S  CLAIMS  of 
having  experimentally  established 
the  existence  of  a  pure  magnetic 
current,  D.  M.  Millest  conducted  an 
investigation  of  the  existence  of 
magnetic  current  which  was  pub¬ 
lished  in  the  Philosophical  Magazine 
(Taylor  &  Francis,  Ltd.,  Red  Lion 
Court,  Fleet  St.,  E.  C.  4,  London) 
for  May,  1944. 

The  equipment  shown  in  the  il¬ 
lustration  was  similar  to  that  used 
by  Ehrenhaft  except  that  the  pole 
pieces,  P,  and  P,  were  cleaned  and 
heavily  coated  with  tin  where  they 
would  come  in  contact  with  the  acid. 
The  use  of  a  tin  coating  permitted 


Rect 


I*  The  magic  of  sound  has  been  the  business  of  Webster 
4m  Electric  for  many  years. 

Our  engineers  have  applied  their  talents  to  the  building  of 
Webster  Electric  Pickups  of  just  the  right  balance,  the  right 
pressure  and  of  just  the  proper  materials  to  reproduce  sound 
with  the  utmost  fidelity. 

Today  this  engineering  and  manufacturing  skill  of  Webster 
Electric  is  being  devoted  to  bringing  victory  closer. 

In  the  course  of  these  herculean  efforts  to  develop  more  and 
better  products  for  war  and  to  build  them  in  greater  quantity, 
we  have  learned  important  things  .  .  .  have  made  discoveries 
that  will  make  Webster  Electric  Pickups  more  than  ever  capable 
of  giving  you  the  clear,  high  quality  tone  reproduction  you  have 
learned  to  expect  from  Webster  Electric  products. 

As  you  develop  fine  new  products  for  post-war  markets,  you 
will  want  to  know  more  about  what  Webster  Electric  has  in 
store  for  you.  We  invite  you  to  keep  in  touch  with  our  labora¬ 
tories  and  OUT  engineers  in  order  that  you  may  be  ready  with 
the  finest  in  tone  reproduction. 


Let’s  All  Back  the  Attack 
Buy  Extra  War  Bonds 


(Lirt'nited  under 
T>fitrnl$  of  the 
Hrunk  Development 
Company) 


WEB  STERl ELECTRIC 

lielM,  WitcHtla.  •  bUMItlrai  «  Cx»«rt  DtpL:  T3  E.  EMU  SUttt,  Ht«  Ytrk  (IE).  N.  V.  Ctkit  AdEitxi  "ARUS"  Hm  Vtik  City 
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FIG.  1— Voltameter  with  tin-plated 
electro-magnelic  pole  pieces  from  which 
gas  was  expected  to  be  liberated  if 
there  is  a  magnetic  current 

the  conduction  of  electric  current 
through  the  magnet  and  electrolyte 
which  might  take  place  as  a  con¬ 
sequence  of  the  looked  for  disas- 
sociation.  The  use  of  paraffm  by 
Kendall  to  protect  the  pole  piwes 
from  electrolytic  action  might  have 
interfered  with  this  passage  of 
electric  current. 

'The  experimental  technique  con¬ 
sisted  of  passing  current  through 
the  electromagnet  for  periods  of 
approximately  8  hours.  A  field  of 
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BUY  MORE  WAR  80NDS-Y0UR  INVESTMENT  IN  AMERICA 


WEBSTBR 


1C  O 


WEBSTER  PRODUCTS 


The  former  Webster  Products  organization  and 
facilities  will  be  retained  intact  and  will  operate 
as  the  Electronics  Division  of  Webster-Chicago 
Corporation.  This  division  is  now  manufacturing 
dynamotors  and  voltage  regulators  for  the  war 
program. 

For  peacetime  production,  the  Electronics  Division 
will  resume  manufacture  of  Webster  Record 
Changers  as  well  as  several  new,  but  related  prod¬ 
ucts,  already  designed  and  ready  for  postwar 
production.  Watch  for  later  important  technical 
and  merchandising  information  over  this  new 


signature. 


Again  Postwar,  You  Will  Find 
Webster  Record  Changers  in 
High  Quality  Combinations 


ELECTRONICS 

DIVISION 


3825  ARMITAOE  AVENUE,  CHICAGO  47,  ILLINOIS 


10^  I  BUY  MORE  WAR  BONDS- YOUR  INVESTMENT  IN  AMERICA 
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New  -  Sensational 

CRYSTAL 

EDGING 

MACHINE 


Pn- Dimensional 


INCREASE  PRODUCTION  MORE  THAN  50% 
—  YOUR  OVERHEAD  REMAINS  STATIC  — 


*  WRITE  TODAY  FOR  DETAILS  AND  PRICES  H 


VOLKEL  BROS. 

MACHINE  WORKS 


19^  West  Manchester  •  Los  Angeles  44,  Calif. 


Dasignmrs  and  Manufacturers  of 

SPECIAL  DEVICES  EQUIPMENT 


approximately  3,000  gauss  at  the 
center  of  the  region  between  the 
poles  was  maintained.  Liquid  in  the 
voltameter  was  battery  acid  diluted 
with  an  equal  volume  of  distilled 
water  and  boiled  before  use.  Cur¬ 
rent  was  reversed  between  succes¬ 
sive  runs  so  that  during  one  run 
the  left-hand  pole  was  a  south  pole 
and  in  the  succeeding  run  the 
right-hand  pole  was  a  south  pole. 

Although  gas  was  liberated,  it 
was  in  such  small  quantities  and  its 
liberation  so  erratic  from  run  to 
run  that  it  was  concluded  from 
these  observations  there  is  still  con¬ 
siderable  doubt  as  to'' the  existence 
of  a  magnetrolytic  effect,  but  that 
the  experiments  do  not  completely 
exclude  possibilities.  Because  of 
bubbles  of  gas  which  appeared  in 
the  horizontal  arm  of  the  voltam¬ 
eter,  it  was  believed  that  air  dis¬ 
solved  during  the  filling  of  the 
voltameter  was  liberated  from  the 
bulk  of  the  acid,  and  not  exclusively 
at  the  magnetic  poles.  However,  the 
negative  results  of  Kendall  seem  to 
be  amply  verified  by  these  experi¬ 
ments,  and  in  the  absence  of  any 
indications  from  theoretical  con¬ 
siderations  as  to  the  most  favorable 
experimental  arrangements,  all  that 
can  be  concluded  from  these  results 
is  that  it  will  be  necessary  to  con¬ 
duct  additional  experiments  similar 
.  to  those  of  Ehrenhaft  before  the 
existence  of  magnetic  current  is 
definitely  established  or  disproved. 


London  Letter 


By  John  H.  Jupb 

London  Correspondent 

Large  Screen  Television.  Details 
of  a  new  television  system  capable 
of  being  used  for  cinema  work  are 
given  in  Swiss  Technic  for  Febru¬ 
ary,  1944.  The  basic  principle  in¬ 
volved  is  the  point-to-point  distor¬ 
tion  of  the  surface  of  a  liquid  by 
means  of  electrostatic  forces. 

Light  from  an  arc  lamp  is  passed 
through  an  optical  system  to  the 
screen  via  a  special  shutter.  This 
shutter  consists  of  a  trough  con¬ 
taining  a  heavy  mineral  oil  such  as 
apiezonol  in  a  layer  about  0.1  mm 
thick;  being  spread  evenly  over  the 
surface  of  the  plate  (which  re¬ 
volves)  by  a  squeegee.  Included  in 
the  optical  system  are  two  grilles 
arranged  so  that  the  light  rays 
passing  between  the  lower  grille 
•are  exactly  blocked  by  the  upper 
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PULL  EXERTED 
■Y  POWER  OR 
HAND  OUN 


STEM 

HEAD 


and  vibration.  No  special  locking  device  is 
required. 

Cherry  Blind  Rivets  hove  generous  toler¬ 
ances  in  hole  size  and  material  thickness,  as 
indicated  in  the  drawings.  Breaking  the  stem 
at  the  notch  above  the  rivet  head,  rather 
than  automatically  breaking  it  at  the  nom¬ 
inal  grip  length,  allows  greater  material 
thickness  tolerance.  The  broken  end  is  then 
trimmed  flush  with  flat  ground  nippers. 

Oversize  shanks  on  special  order.  ^ 


The  high  resistance  to  shear  and  fatigue 
typical  of  self-plugging  Cherry  Blind  Rivets 
is  due  to  positive  mechanical  expansion  of 
the  rivet  shank. 

This  shank  expansion  occurs  during  appli¬ 
cation  when  the  enlarged  plug  section  of  the 
stem  is  pulled  into  the  rivet  (drawings  to  right 
and  above).  The  sides  of  the  rivet  are  forced 
against  the  material  being  fastened.  Ailing 
any  irregularities  in  the  drilled  hole.  The 
installed  Cherry  Rivet  has  shear  and  fatigue 
values  comparable  with  those  of  a  solid 
rivet— stays  Arm,  even  under  excessive  strain 


PLUG 
SECTION 
OP  STEM 


p  Please  send  me  your  new  booklet. 

I  ^  '  Also  enclose  the  metal  demonstrar 

don  panel  which  shows  actual  stages 
I  in  installation  of  Cherry  Rivets. 

Oisrry  Mvat  Cmtfmift  M  WlaWsa  SI.,  Iw  Aaulst  11^  CaM.,  Npl*  A-IM 


Mvm.  TMIII  HANUr  ACTUM 
***«m.lCATION  AMCOVtAU 
£*• «.  AATMTS  IStUtP  AMO  PCUPIWU 


Name. 


Street. 
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Oil  Type  EC  rAI'Al'ITKII^S 


. .  -  Ready  to 
Meet  Your 
Requirements! 


Up  to 

10  MFD. 

Capacity 


6EC200 
6EC300 
eBC400 
6EC600 
6EC800 
6EC1000 
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Alt  of  the  Above  A  WS  Army  Novf  Submersion 
Proof  Umti  Available  in  Production  Ouantlti^^  for 
Prompf  Oolivery  Wrile,  Wire  or  Telephone  —  Now' 


TferAI'Al'lTIUllV 


849  North  Kedzie  Ave., 
Chicago  51,  Illinois 
Telephone  VAN  Buren  3322 


OUR  NEW  HOME  •  America's  Most 
Modern  Capacitor  Manufacturing  Plant 


grille  when  the  oil  film  is  undis¬ 
torted. 

A  cathode-ray  beam  from  the 
electron  gun  charges  the  surface  of 
the  liquid  electrostatically,  the  bean 
being  subjected  to  scanning  motion 
by  defiector  coils  and  given  an  in¬ 
tensity  modulation  by  another  coil 
so  that  there  is  deformation  of  the 
normal  molecular  alignment  of  the 
oil  in  proportion  to  the  strength  of 
the  incoming  signal,  and  a  pencil 
of  light  is  able  to  pass  over  and 
around  the  upper  grille  on  to  the 


The  deformation  of  the  film  it 
purely  local  and  persists  only  for  a 
short  time,  the  charges  being  dissi¬ 
pated  by  arranging  that  the  oil  is 
slightly  conducting. 

Owing  to  the  considerable  con¬ 
centration  of  light  in  the  optical 
system  and  the  focussing  of  the 
electron  beam,  a  fair  amount  of 
heat  is  produced  and  both  the 
grilles  and  oil  trough  are  water 
cooled,  the  latter  by  a  cooling  plate. 

No  performance  data  has  yet 
been  released  concerning  this  ap¬ 
paratus  but  it  seems  to  be  promis¬ 
ing,  since  the  designers  have  taken 
the  trouble  to  produce  rather  bulky 
apparatus  (of  high  mechanical  pre¬ 
cision)  ,  much  of  which  must  be  op¬ 
erated  in  a  high  vacuum. 
Undersea  Amplifier.  Details  have 
just  been  released  of  experiments 
carried  out  in  1943  by  the  British 
Post  Office  on  a  submerged  thermi¬ 
onic  repeater  for  a  submarine  cable 
used  for  carrier-current  telephony 
circuits. 

Three  stages  are  used  in  the  am¬ 
plifier,  each  stage  having  two  spare 
tubes  which  can  be  brought  into 
the  circuit  by  impulse  switching 
from  a  shore  station.  -  Commercial 
tubes  are  used  and  life  tests  showed 
that  they  would  have  a  probable  life 
of  20,000  hours  ±  26  percent 
Power  for  the  amplifier  is  fed  from 
the  shore,  via  the  cable  and  a 
ground  plate,  0.63  amp.  at  230  di¬ 
rect  volts  being  the  supply. 

The  weight  of  the  equipment  is 
about  2,000  lb,  but  much  of  this  is 
due  to  the  fact  that  the  cases  have 
to  withstand  continuous  sea  immer* 


The  first  repeater  built, 
claimed  to  be  the  first  ever  in¬ 
cluded  in  a  working  cable  system, 
was  laid  in  the  sea  between  Eng¬ 
land  and  Ireland  in  June  1943,  and 
by  its  use  the  number  of  carrier 


April  7945  — ELECTRONICS  I  aECTS 


A  NEW  75  MEGACYCLE  MARKER  RECEIVER 


Improved  Indication  at  Low  Battery  Voltage— A  new  minimum  in  unwanted 
lamp  operation-^  A.T.R.  Size  Case- Reduced  Weight 


Does  your  marker  receiver  give  good  indications  when 
battery  voltage  drops  to  eleven  (or  twenty-two)  volts? 
Does  unwanted  lamp  operation  confuse  the  pilot  during 
uutrument  approaches?  These  difficulties  have  been 
tliminated  in  the  design  of  the  new  Bendix  Radio 
blN-53  marker  receiver;  and,  in  addition,  valuable 
weight  and  mounting  space  have  been  saved. 

This  receiver  is  available  in  a  number  of  different  types. 
This  same  unit  may  be  used  with  either  twelve  or 
twenty-four  volt  systems.  A  centralized  radio  power 
topply  may  be  used,  or  an  individual  dynamotor  may 


be  plugged  right  into  the  unit.  In  addition  there  is  a 
model  that  is  both  mechanically  and  electrically  inter¬ 
changeable  with  existing  airline  marker  equipment. 
Another  feature  of  this  new  marker  receiver  is  variable 
coupling  of  the  intermediate  frequency  transformers. 
IF  adjustment  is  thus  greatly  simplified  and  the  desired 
band  pass  characteristic  can  be  easily  obtained. 

For  further  information  on  this  latest  product  of  Crea¬ 
tive  Engineering,  write  direct  to  the  Sales  Department, 

Bendix  Radio.  lENmXISItTtAOe  MAKOrilNOKAVUTIOMCOirOIATION 


BENDIX  AVIATION  CORPORATION,  BALTIMORE  4,  MARYLAND 

Standard  for  the  aviation  industry 
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What's  on  your  mind?  If  it  has  to  do  with  D.C.  power.  Green 
Engineers  will  come  up  with  the  answer. 

And  Green  will  not  only  engineer  ond  design  your  equipment  to 
meet  your  reqtKrements.  but  olso  build  it. 

Green  engineering  covers  the  range  from  6  volts  to  10.000  volts, 
from  milliamperes  to  kiloamperes.  using  selenium  metol  plote  rec* 
tihers  or  tube  rectifiers — as  required. 

Engineering  and  building  rectifiers  is  Green's  onl^  business.  We 
have  nothing  to  sell  but  our  interpretation  of  your  individual  needs. 


*Illu*tralion  shows  a  rs* 
mote  control  unit  for  48  v. 
2500  amp.  installation. 


j^^R*ctUieg  Engiif  ying  i«  out 


6 


^  SELENIUM  »  ARSON  •  MERCURY  VAPOR  •  GRID  CONTROL  •  HIGH  VACUUM  •  XENON 


W.  GREEN  ELECTRIC  COMPANY.  INC. 


■ 


GRIEN  EXCHANGE  BUILDING  130  CEDAR  STREET  NEW  YORK  6,  N.T. 
RECTIFIER  0-  ENGINEERS 


circuits  in  the  cable  was  increased 
from  24  to  48.  Unfortunately,  how¬ 
ever,  a  filter  capacitor  broke  down 
after  5  months  service  and  the  re¬ 
peater  had  to  be  raised,  but  the  re- 
I  placement  equipment  is  still  work¬ 
ing  satisfactorily. 

“Compandoi^’  Gripes  lEE  Speaker. 
A  speaker  at  an  I.E.E.  meeting  has 
drawn  attention  to  the  fact  that 
there  is  no  such  instrument  as  a 
“compandor.”  His  claim  being,  that 
with  part  of  the  apparatus,  in  say, 
England  and  the  other  part  in 
America,  we  cannot  speak  of  it  as  a 
single  item.  The  suggestion  was 
that  we  should  adopt  the  tern 
“companding”  to  indicate  the  use 
of  volume  compressors  at  the  send¬ 
ing  end  and  of  expanders  at  the 
receiving  end. 

A  new  Electronic  Voltmeter.  The 
research  laboratories  of  the  G.E. 
Co.  in  England  have  recently  de¬ 
veloped  a  new  electron-optical  in¬ 
strument  for  measuring  peak  volt¬ 
ages  in  the  range  2-20  kv,  a.c.  or 
d.c.  with  an  accuracy  of  3  percent. 

It  is  based  on  a  triode  theorem 
in  which  the  angle  of  the  beam  in  a 
focussed  electron  system  is  defined 
by  the  ratio  of  two  voltages;  the 
anode  voltage  and  the  modulator 
grid  voltage.  When  both  terms  in 
this  ratio  are  multiplied  by  the 
same  factor,  the  beam  angle  re¬ 
mains  constant,  the  modulator  bias 
voltage  being  directly  proportional 
to  the  voltage  to  be  measured, 
when  the  latter  is  applied  to  the 
anode.  Thus,  a  high  voltage  is 
measured  in  terms  of  a  low  one  and 
the  instrument  constitutes  an  elec- 
1  tronic  potentiometer. 

!  This  principle  can  be  applied  to 
I  high-voltage  tubes  so  that  they  act 
j  as  their  own  voltmeters  and  the 
i  range  can  be  extended  as  desired. 

!  The  tube  developed  has  a  capaci- 
!  tance  of  9  cm  and  in  certain  cases 
'  can  be  used  in  circuits  of  1  Me  or 
higher,  because  even  at  the  lowest 
anode  voltage,  the  transit  time  is 
only  1/100  cycle  and  the  instrument 
is  free  from  the  inevitable  lag  of 
a  spark-gap  voltmeter. 

The  instrument  measures  peak 
voltages  only  and  gives  no  informa¬ 
tion  concerning  wave  form.  It 
should,  however,  prove  very  help¬ 
ful  in  measuring  rapidly  fluctuat¬ 
ing  voltages  of  widely  differing 
wave  forms  and  where  the  values 
obtained  with  a  spark  gap  volt¬ 
meter  are  known  to  be  unreliable. 
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CO-OPERATION 

IS  IN  THE  CARDS 

Here  is  Help  in 
Your  Electronic  Problems 

Each  of  the  representatives  listed  above  is  a 
key  man  in  the  Sickles  Field  Engineering  and 
Co-ordinating  Service  . . .  ready  at  all  times  to 
aid  you  in  any  matter  related  to  radio  and 
electronic  parts  and  components.  Chances  are 
they’ve  got  on-the-spot  information  you  re¬ 
quire,  for  they’re  all  men  with  long  experience 
in  their  field.  But  if  your  problem  is  out  of  the 
ordinary  they’ll  quickly  take  it  to  headquarters, 
where  Sickles’  highly  skilled  production  organ¬ 
ization  and  technical  staff  will  work  out  the 
right  answer. 

Jot  down  the  address  nearest  to  you  for 
prompt,  efficient  co-operation  whenever  you 
need  it. 

F.  W.  SICKLES  CO.  •  CHICOPEE.  MASS. 


VERNON  C.  MacNABB 

P.  O.  Box  5904,  Indianapolis  5,  Ind. 
Phone;  Broadway  6770 
Representing ;  The  F.  W.  Sickles  Co. 


L.  P.  MACK 

1603  S.  Michigan  Ave.,  Chicago  16,  III. 
Phone:  Victory  5040 
Representing:  The  F.  W.  Sickles  Co. 


NORMAN  H.  LAWTON 

1775  Broadway,  New  York  19,  N.  Y. 
Phone;  Circle  6-0867 
Representing :  The  F.  W.  Sickles  Co. 


HARRY  GERBER 

94  Portland  St.,  Boston  14,  Mass. 
Phone:  Lafayette  3484 
Representing :  The  F.  W.  Sickles  Co. 


GERALD  B.  MILLER 

8208  Santa  Monica  Blvd., 
Los  Angeles,  Cal. 


'  »  l  Hempstead  5388 

^  \  R*P''®s«ntlng:  The  F.  W.  Sickles  Co. 


AD.  AURIEMA  (Export) 

89  Broad  Street,  New  York  4,  N.  Y.,  U.  S.  A. 
Phone:  Bowling  Green  9-7751 
Representing:  The  F.  W.  Sickles  Co. 


NEWS  OF  THE  INDUSTRY 


technical  refresher  courses  and  ex* 
amination  assistance;  an  expanded 
social  calendar ;  and  more  elaborate 

Association  officers;  television  for  industry;  network  publication  activities, 
finances;  FC€  report;  train  radio,  science  committees; 
meetings;  news  of  Washington,  companies,  and  people 


Nationalized  Measurements 
and  Control 

A  NEW  NATIONAL  ASSOCIATION,  to 
be  called  the  Instrument  Society 
of  America,  is  being  planned  by 
members  of  the  Society  for  Meas¬ 
urement  and  Control  in  Chicago. 
The  objective  is  to  consolidate  re¬ 
lated  organizations  in  Washington, 
Pittsburgh,  New  York,  and  Boston 
into  a  national  organization  whose 
membership  would  be  open  to  in¬ 
dividual  members  not  now  affiliated 
with  existing  local  groups. 


Railway  Radio  Demonstrated  at  Baltimore  Chapter  IRE 

Reliable  railroad  communication  ciency.  This  problem  was  solved 
can  be  expected  for  a  distance  of  by  a  capacitance-loaded,  vertical, 
five  miles  with  a  6-watt  a-m  trans-  end-fed  rod.  The  discussion  was 
mitter  and  suitable  receiver,  accord-  concluded  by  an  actual  demonstra- 
ing  to  J.  W.  Hammond  of  Bendix  tion  of  communication  from  the 
Radio  Division,  Bendix  Aviation  meeting  hall  to  a  mobile  truck. 
Corp.,  who  presented  a  paper  on  the  Permission  was  obtained  by  the 
subject  during  a  recent  meeting  of  Baltimore  Section  during  the  win- 
the  Baltimore  Section  of  IRE.  ter  meeting  in  New  York  to  supple- 

Reviewing  field  experiences  en-  ment  its  income  with  paid  adver- 
countered  on  railroads  throughout  tising  and  use  the  proceeds  to  im- 
the  country,  he  described  tests  of  plement  a  new  program  of  activity, 
end-to-end  communication  made  Preliminary  plans  being  for- 
through  all  imaginable  types  of  mulated  in  the  Section  propose  the 
terrain  and  in  all  weather  condi-  eventual  establishment  of  a  tech- 
tions.  As  he  pointed  out,  differing  nical  reference  library;  a  complete 
services  such  as  end-to-end,  yard-  experimental  laboratory  outfitted 
to-train,  terminal-to-train  and  with  suitable  test  equipment,  power 
train-to-train  require  different  cir-  supplies,  and  other  requirements ;  a 
cuits  but  in  the  interest  of  a  unified  Section  radio  station  devoted  to  ex¬ 
system  the  objective  has  been  to  do  perimental  research  and  develop- 
all  tasks  with  the  same  equipment,  ment;  annual  Section  awards  in 
Limitations  of  range  at  vhf  did  recognition  of  outstanding  accom- 
not  prove  as  severe  as  had  been  ex-  plishments  of  members  in  that 
pected,  although  the  road  require-  area;  unlimited  freedom  in  choice 
ments  that  the  antenna  be  both  low  of  speakers  and  subjects ;  an  em- 
and  narrow  did  limit  radiation  effi-  ployment  and  placement  service; 


Wireless  Operators’  20th 
Anniversary 

Several  awards  for  achievements 
within  the  electronics  field  were 
presented  during  the  twentieth  an¬ 
nual  dinner-cruise  of  the  VWOA 
(Veteran  Wireless  Operators  As¬ 
sociation),  held  in  New  York  re¬ 
cently. 

Opened  by  messages  of  salute 
from  General  Dwight  D.  Eisen¬ 
hower  and  Admiral  Ernest  J.  King, 
the  meeting  included  as  guests 
many  of  those  prominent  in  the 
field  besides  the  individuals  in  the 
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UHF  HARMONIC 
FREQUENCY  GENERATOR 

PROVIDES  output  voltages  in  10  or  40  megacycles  with 
CRYSTAL-CONTOOLLED  accuracy. 

SELECTS  10  or  40  megacycle  series  and  IDENTIFIES  any  one 
of  these  harmonics  by  means  of  a  Frequency  Identifier'*  whidi 
consists  of  a  filter  providing  high  attenuation  of  all  voltages 
except  that  of  frequency  to  be  identified. 

USED  FOR  calibration  of  receivers,  wavemeters,  or  (with  Beat 
Detector  supplied  separately)  for  calibration  of  oscillators  and 
signal  generators. 


UHF  PRECISION  FREQUENCY  METER 

Completely  portable  Accuracy  0.1% 

Battery  or  AC-Operated 
Models  available  from  100  to  1500  megacycles 
with  2  to  1  frequency  coverage  on  each  model. 
Available  only  on  lUgh  priority. 

RECOMMENDED  FOR:  ^ 

•  Production  testing 

•  Measurement  of  oscillator  drift 

•  Independent  alignment  of  transmitters  and 
receivers 

•  Precise  measurements  of  frequencies 


.  .  .  IN  MANUFACTURE 

AND  PERFORMANCE! 

The  LAVOIE  trademark  is  your  guarantee  of  exacting  manufacture  and 
precision  performance.  From  the  outset  we  hove  specialized  in  the  develop¬ 
ment  and  production  of  UHF  equipment,  working  to  standards  of  absolute 
precision  in  design,  manufacture  and  operotion.JThe  UHF  harmonic  frequency 
GENERATOR  and  PRECISION  FREQUENCY  METER,  shown  here,  are  indicative  of  the 
scope  of  our  work  and  specialized  background.  We  shall  be  glad  to  send  you 
additional  information  on  these  instruments  or  discuss  any  specific  require¬ 
ments  you  may  have  in  the  UHF  field  for  the  present  or  post-war  uses. 


*  Specif/  frequeacy  of 
Monlifior  wontod. 


lAOlO  ENOINtEIS  AMO  MANOTACTOIEM 

MORaANVILLE,  N.  J. 


Specialists  in  The  Development  of  UHF  Equipment 

and  in  The  Manufacture  of  UHF  Antennas 
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N0w-‘"World’s  Smallest  Transformers” 
Can  be  Predated  to  tdeet  Year 
Own  Exatting  Design  Requirements 


BUY  WAR  BONDS  FOR  VICTORY! 


One  of  these  new  Permoflux  midget  transformer 
types  may  be  the  complete  answer  to  your  space 
or  weight  problem.  Available  unshielded,  shielded 
or  hermetically  sealed,  they  provide  exceptional 
operating  efficiency  and  uniform  frequency  response. 


The  same  Permoflux  engineers  who  developed 
these  transformers,  using  new  materials  and  manu¬ 
facturing  methods,  are  ready  to  assist  in  designing 
a  unit  for  you.  Write  for  technical  catalog  listing 
transformers,  speakers,  headphones  and  other 
Permoflux  acoustical  products. 


AMMsblcd  daring  th*  r«c«nt  20th-<ninl- 
Tertory  dinner-crulM  of  VWOA  are 
E.  K.  loH,  FCC;  Col.  T.  H.  MitcheU. 
RCA  Communications;  CopL  E.  M.  Web¬ 
ster.  USCG;  Gen.  H.  M.  McClelland. 
AAF:  George  W.  BoUey.  NDRC:  W.  I. 
McGonigle.  president  VWOA;  Gen. 
Frank  ■  E.  Stoner;  Adm.  J.  F.  Farley. 
USCG;  F.  C.  de  Wolf.  Dept  of  State; 
Gen.  H.  C.  Ingles;  Copt  A.  H.  Adams, 
USN;  and  A.  J.  Costigon.  Radiomarine 
Corp.  of  Americo 

accompanying  illustration. 

To  the  Television  Broadcasters 
Assocsiation  in  significance  of  pio¬ 
neering  research  and  progressive 
development,  the  Marconi  Memorial 
Service  Award  was  presented.  For 
his  transmitter-installation  services 
to  OWI  (Office  of  War  Informa¬ 
tion)  R.  Morris  Pierce  was  given 
the  Marconi  Medal  of  Service. 

The  Marconi  Medal  of  Achieve¬ 
ment  went  to  Dr.  Allen  B.  DuMont 
for  the  pioneering  of  his  organiza¬ 
tion  in  the  field  of  communications. 
To  Orrin  E.  Dunlap  Jr.,  Radio 
Corp.  of  America,  went  the  Marconi 
Memorial  Medal  of  History  for  his 
writing  of  the  book  “Radio’s  One 
Hundred  Men  of  Science”. 

Other  Marconi  Memorial  Medals 
went  to  T.  R.  McElroy,  McElroy 
Mfg.  Corp.;  E.  A.  Nicholas,  Farns¬ 
worth  Television  &  Radio  Corp.; 
Ludwig  Arnson,  Radio  Receptor 
Co. ;  Gen.  H.  H.  Arnold,  U.  S.  Army 
<Air  Corps.  Additional  awards  were 
made  to  outstanding  heroes  of  the 
Armed  Forces  and  the  Maritime 
Service. 

Industrial  Television 

A  SINGLE  OPERATOR  in  a  Control 
room  may  be  able  to  control  a  full 
battery  of  lathes,  punch  presses,  or 
other  machines  through  television, 
in  the  opinion  of  L.  M.  Clement, 
vice-president  in  'charge  of  re 
search  and  engineering  at  The 
Crosley  Corp.,  who  addressed  a 
midwestern  club  recently. 

In  the  system  he  visualizes,  floor- 
men  would  be  dispatched  to  load 
an'd  unload  machines  at  the  di¬ 
rection  of  the  dispatcher  in  the 
television  control  room.  Other  use¬ 
ful  abilities  in  the  television  cam- 
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bYNAMIC  AIR  AXIAL  FLOW  BLOWERS 

DELIVER  MORE  AIR 

at  high  pressures 
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era  aa  i^iiplied  to  induatry  might 
involve  placing  it  in  a  furnace, 
in  a  cold  room,  under  water,  or  in 
many  other  places  where  no  human 
operator  could  go. 

Going  from  industrial  to  broad> 
cast  television,  he  quoted  the  fol¬ 
lowing  figures  which  suggest  that 
the  possible  maximum  viewing 
audience  is  of  the  order  of  40,000 
to  60,000  people.  ,The  equipment 
is  distributed  as  follows: 

StatioMB  Bet’rivvrB 

New  York  .  S  5000 

Philadelphia  .  l  isoo 

Schenectady  .  l  450 

Chicago  .  z  :(00 

Los  Angeles .  z  250 

On  the  subject  of  viewing,  Mr. 
Clement  said  experience  has  shown 
that  the  proper  distance  is  between 
4  and  8  times  the  height  of  the 
picture.  Thus,  for  a  7-in.  picture, 
the  viewing  distance  is  to  6  ft, 
for  an  18-in.  picture,  6  to  12  ft, 
and  for  a  normal  motion  picture 
screen  of  15  ft  in  height,  60  to 
120  ft.  Thus,  he  said,  the  7-in. 
picture  product  by  a  table-type  tel¬ 
evision  set  should  be  satisfactory 
for  a  small  family  group,  whUe^ 
an  18-in.  picture  is  about  as  large 
as  is  required  for  an  ordinary  liv¬ 
ing  room. 


about  asking  your  boss 
to  make  the  switch  from 
tracirtg  papers  to  Ark¬ 
wright  Tracing  Cloths! 


BVEM  A  BOY 


can  see  they're  better 
for  draftsmen.  Better  in 
every  way  — even  in 
cost,  in  the  long  run! 


Load  Building  in  Reverse 

Because  of  the  serious  shortage 
of  electricity  and  fuel,  a  new  type 
radio  receiver  is  being  put  on  sale 
in  liberated  Holland.  Older  models 
now  in  Dutch  homes  range  from  10 
to  20  watts  in  power  consumption. 
The  new  model  will  only  require 
two  watts. 


WHY  MOT  SMPIOY 


the  next  two  minutes 
most  profitably  by  writ¬ 
ing  for  free  samples? 
We'll  send  them  gladly. 
Write,  Arkwright  Finish¬ 
ing  Company,  Provi¬ 
dence,  Rhode  Island. 


Finalists  in  Science 

Forty  science  -  talented  high 
school  seniors  have  been  chosen  as 
finalists  in  the  fourth  annual  Sci¬ 
ence  Talent  Search  which  culmin¬ 
ates  in  the  awarding  of  $11,000  in 
Westinghouse  scholarships. 

Of  the  forty,  sixteen  showed 
definite  and  wide  interest  in  elec¬ 
tronic  subjects.  One  has  built  eleven 
radio  receivers,  another,  an  elec¬ 
tronic  rectifier  for  electrols^zing 
metallic  sodium,  and  a  third,  his 
.own  oscillograph  for  measuring 
speed  of  bullets.  Other  activities 
include  light-beam  sound  transmis¬ 
sion,  a  5-octave  electronic  organ, 
brain-wave  study,  investigation  of 
shock  treatment  as  used  in  depres- 


Sold  by  Uading  drawing 
nudarial  daaltn  ayarywhara 


TRAC  I  N_ey  CLOTHS 


AMiRICA^S  STANDARD  fOr  OViR  20  YSARS 
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ATF  precision  remote  controls  are 
handling  some  of  the  war’s  most  exacting  remote  control  jobs.  And 
they  are  finding  wide  application  in  planning  for  the  exacting  indus¬ 
trial  jobs  of  tomorrow  . .  .  for  the  accurate  adjustment  or  setting  of 
communications  equipment,  machine  tools,  valves,  fuel  supplies, 
power  controls,  and  other  machinery,  from  remote  or  obscured  points. 

If  your  post-war  planning  involves  a  problem  of  precise  position¬ 
ing,  the  solution  may  rest  with  one  of  these  proved  ATF  electrical 
control  units.  Their  hair-line  precision,  extreme  simplicity,  and  their 
ability  to  withstand  temperature  extremes  and  mechanical  abuse 
will  give  your  product  a  decided  edge  in  post-war  selling. 

Complete  literature  available.  The  services  of  ATF  engineers  are 
freely  offered  to  assist  in  applying  these  units  to  your  products. 


REMOTE  CONTROL  DIVISION 

11  West  42nd  Street,  New  York  18,  N.  Y. 
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RESISTANCE  PLUS 

From  the  tfopics  to  the 
orcl^s— on  land,  sea  and 
ifi^Th^  air,  HARDWICK, 
JHli^LE  resistors  and  rheo* 
ffdts  are  serving  with 
^dhtlnttion. 


-J  I 


Sgs  I 


i  W,  .marDWICK,  HINDLE,  INC. 

1  RHEOSTATS  and  RESISTORS 

-  ,  DIViStON  Of 

:  -•  THE  NATION'AL  LOCK  WASHER  COMPANY 

!  ■  '  iSTAdlSMiD  IM* 

li  Newark  5,  N.  J.,  U.  S.  A. 


sive  psychology,  development  of 
vector  modulation,  and  construc¬ 
tion  of  carrier  current  equipment. 

As  a  result  of  interviews  and  ex¬ 
aminations,  two  of  the  group  will 
be  given  $2400  scholarships,  eight 
will  be  given  $400  scholarships,  and 
others  will  get  shares  of  the  re¬ 
maining  $3,000  at  the  discretion  of 
the  judges. 

Radios  Nazi  Germany 

The  last  stronghold  of  Axis  re¬ 
sistance  in  Europe  has  been  be¬ 
sieged  from  ten  different  countries 
and  territories  by  powerful  50,000- 
watt  shortwave  transmitters,  ac¬ 
cording  to  RCA  Victor  Division  of 
the  Radio  Corp.  of  America,  sup¬ 
pliers  of  23  such  transmitters- and  a 
larger  number  of  smaller  powered 
units. 


West  Coast  Elections 

The  Los  Angeles  Council  of  the 
West  Coast  Electronic  Manufactur¬ 
ers  Association  recently  held  elec¬ 
tions  resulting  in  chairmanship  by 
Howard  Thomas  of  Packard  Bell 
Co.  Vice-Chairman  is  L.  W.  How¬ 
ard,  Peerless  Electrical  Products 
Co.,  while  James  L.  Fouch,  Jr., 
Universal  Microphone  Co.,  becomes 
treasurer. 

Prosperous  Networks. 

As  revealed  in  a  recent  release  by 
FCC,  major  network  time  sales 
reached  an  all-time  high  of  $126,- 
330,491  for  1944.  These  prelimin¬ 
ary  figures  indicate  that  total  major 
network  time  sales  have  more  than 


WASHINGTON  MEETING 


M«mb«rs  and  guests  at  a  Washington 
IRE  section  meeting  exonnine  a  display 
board  showing  construcUon  of  the  GE 
lighthouse  tube,  subject  of  the  evening's 
discussion.  They  are:  I.  W.  Greer. 
Navy  DepL;  F.  W.  Albertson,  vice- 
-choirman  of  the  section;  T.  B.  Jococks. 
GE;  E.  F.  Peterson.  GE.  who  presented 
the  paper;  H.  A.  Burroughs,  choinnon 
of  the  section;  and  H.  H.  Lyon,  chief 
engineer.  WOL.  Washington 


REL  IN  PHILADELPHIA 
FM  STATION  WFIL-FM 


Frequency:  45.3  megacycles 

Input  to  final  amplifier:  11.3  KW 

Antenna  Output:  10  KW 

Total  hours  operation  to  date:  Over  4,500 

Type  of  Transmitter:  REL  No.  520  DL 

WFIL'FM  hat  bean  functioning  tuccattfully 
tinea  November  10.  1941.  High  above  the  city 
of  Philadelphia,  tnit  tfafion't  huge  tower  it 
a  monument  to  REL't  pioneering  In  ttaticlest, 
high-fidelity  Frequency  Modulation,  utilizing 
the  Armttrong  Direct  Cryttal  Controlled  Phata 
Shift  Syttam  of  Modulation. 
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MICHIGAN 

M.  N.  Duffy  &  Co.,  Inc. 
2040  Grand  River  Ave.,  W. 
Detroit,  Mich. 


I 


Sme»  Representatives 

MIDWEST 

REL  Equipment  Sales,  Inc. 
612  N.  Michisan  Blvd. 
Chicago,  Ill. 


PACIFIC  COAST 
N.  B.  Neeley 
5334  HoUywood  Blvd. 
Hollywood,  CaL 


WONEER  MANUFACTURERS  OF  FM  TRANSMITTERS  EMPLOYING  ARMSTRONG  PHASE-SHIFT  MODULATION 


RADIO  ENGIltfEERIIVG  LABS.,  INC. 

,  N .  Y. 
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ANDREW  SOLUTION 

ta  Cun 

ANTENNA  PROBLEIVl 


Faced  with  a  difficult  antenna  problem, 
E.  H.  Andresen,  Chief  Engineer  of  Chi- 
cago's  Board  of  Education  Station  WBEZ,  called 
on  Andrew  engineers  for  a  solution.  The  prob¬ 
lem  was  that  of  coupling  a  70-ohm  imbalanced 
coaxial  transmission  line  to  the  much  smaller 
balanced  impedance  of  the  antenna.  Uncer¬ 
tainty  of  the  exact  value  of  the  antenna  impe¬ 
dance  made  the  problem  difficult,  and  called 
for  some  kind  of  an  adjustable  coupling  device. 

Andrew  solved  the  problem  by  constructing  a 
quarter  wove  impedance  transforming  section 
with  a  concentric  "bazooka"  for  the  balance  con¬ 
version.  Adjustments  were  made  by  varying  the 
average  dielectric  constant  in  resonant  section. 

This  problem  is  but  one  of  many  that  the  expe¬ 
rienced  staff  of  Andrew  engineers  are  called 
upon  to  solve.  As  qualified  experts  in  the  field 
of  FM,  radio  and  television  antenna  equipment 
Andrew  engineers  have  solved  many  problems 
for  military  and  broadcast  engineers. 

FOR  THE  SOLUTION  OF  YOUR  ANTENNA  PROBLEMS 
.  .  .  FOR  THE  DESIGNING.  ENGINEERING,  AND  BUILD¬ 
ING  OF  ANTENNA  EQUIPMENT  .  .  .  CONSULT  ANDREW 


H?' 


•<l^ 


1 


I 


•  Curve  shows  standing  waves 
determined  by  probing  electro¬ 
static  field  in  "piccolo  (section 
of  transmission  line  with  holes 
drilled  in  outer  conductor).  Wavy 
curve  represents  initial  condi¬ 
tions  before  adjustment;  straight 
line  shows  the  final  result  after 
adjustment  of  matching  imit. 


ANDREW  CO. 

363  East  75th  Street,  Chicago  19,  Illinois 


e  Twin -barreled  dehydrat¬ 
ing  unit  especially  designed 
for  WBEZ  bv  ANDREW  engi¬ 
neers.  Design  permits  leav¬ 
ing  one  cartridge  in  service 
while  the  other  cartridge  ii 
being  recharged. 


doubled  in  the  five-year  period  since 
1989.  They  are  up  21.2  percent 
over  the  1948  total,  the  previous  all- 
time  high. 

At  the  end  of  the  year  there  wen 
a  total  of  780  stations  aflSliated  with 
the  four  major  networks.  During 
the  year  Mutual  brought  its  total  to 
244  by  adding  83;  Blue  added  20 
to  total  194 ;  Columbia  affiliated  nine 
to  148;  and  NBC  picked  up  seven, 
making  a  total  of  149. 

FM  Broadcasting  Summary 

Statistics  released  by  Frequency 
Modulation  Broadcasters,  Inc. 
(FMBI)  show  that  there  are  a  to¬ 
tal  of  46  stations  operating  .under 
a  commercial  status  as  of  the  end 
of  1944,  including  four  new  sta¬ 
tions  which  were  added  to  the  list 
during  the  year. 

Currently,  applications  for  f-m 
construction  permits  on  file  with 
FCC  are  quoted  at  868  and  approxi¬ 
mately  100,000,000  persons  reside 
within  the  primary  service  area  of 
stations  existing  and  planned. 

Broken  down  according  to  power 
there  are  four  existing  stations  at 
1  kw,  ten  at  8,  thirteen  at  10,  and 
eleven  a^60.  Other  stations  are  not 
operating  at  full  power  because  of 
■wartime  restrictions  of  equipment 
and' labor.  Per  station,  an  average 
monthly  cost  of  operation  is  listed 
at  $3,014. 

Resistance  Welder  Officers 

During  a  recent  meeting,  the  Re¬ 
sistance  Welder  Manufacturers’ 
Association  elected  Charles  Eisler 
of  Eisler  Engineering  Co.  to  suc¬ 
ceed  Floyd  E.  Taylor,  Swift  Elec¬ 
tric  Welder  Co.,  as  president.  Co¬ 
vice-presidents  are  David  Sciaky 
of  Sciaky  Bros,  and  H.  V.  Beronius 
bf"  Welding  Machines  Mfg.  Co. 

The  Allocation  Proposals 

The  search  for  space  in  the  radio 
spectrum  is  like  a  dog  race,  in  the 
opinion  of  James  L.  Fly,  fonner 
FCC  chairman.  Speaking  before 
the  Television  Press  Club  in  New 
York  recently  on  the  allocation  pro¬ 
posals,  he  advocated  that  the  de¬ 
mand  for  space  be  kept  out  in  front 
of  the  engineers  on  the  assumption 
'that  they  might,  like  the  grey¬ 
hounds,  lose  interest  in  the  race  if 
they  caught  the  rabbit. 

Commenting  on  the  factors  whidi 
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Alcohol,  Water,  Alkali  and 
most  Common  Solvents! 


POSN 

SVSN 

SJSN 

S5N 


mn  RESIST 


"■m 


—  meets  a  long  felt  need  for 
a  Cord  of  High  Dielectric 
Strength  that  is  practically 
Ageless.  It  has  High  Abra¬ 
sive  and  Impact  Resistance. 

Other  favorable  features 
‘  are: 

Resistance  to  Oil,  Flame, 


The  Whitney  Blake  Company 

New  Haven,  Connecticut,  U.  S.  A. 
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The  urgent  demandr  in  peacetime  days,  by  the  aircraft 

>  • 

and  radio  industries  for  d  compact,  efficient  D.C.  motor  was 
the  challenge  that  led  Pioneer  to  develop  the  Pincor  BX 
series.  Today  Pincor  BX  motors  flow  from  our  plant  in  a 
steady  stream  to  the  producers  of  aircraft  and  radio  equip' 

ment  for  the  armed  services. 

^  ¥ 

Pincor  BX  motors,  in  their  classification,  meet  the  varied 
requirements  of  aircraft  and  radio  manufacturers  that  demand 
light  weight,  compact  motors  for  efficient  and  dependable 
application.  Pincor  BX  motors  are  direct  drive,  ball  bearing, 
high  speifd  units  woimd  for  continuous  Of  intermittent  duty. 
Shunt,  series  or  split  series  windings  are  for  operation  on 
12  to  24  volt  battery  systems  currently  used  and  may  be 
easily  modified  to  meef-your  product  demand.  - 

Depend  on  these  rugged  Pincor  quality'proven  motors 
in  the  BX  series.  Send  your  problem  to  Pioneer  engineers 
and  let  them  -put  their  years  of  experience'  ta  work  for.  you. 
Consultation  with  these  men  will  not  obligate  yctu  in  tb|f  least. 


—  OYHAMOTORS  ♦  ^^^VERTERS 
GENERATORS  ^  - 
POWER  PLANTS  •  GEN-E-A^tORS 


PIONEER  GEN-E-MOTOR 

C  a  R  P  a  R  AT  I  D  N 


5841-49  DICKENS  AVENUE 


CHICAGO  39,  ILLINOIS 


BUY  MORE  BONDS! 


Export  Oflrico,  25  Warron  Strcft,  Now  York  7,  U.S.A. 
Cable  Addrpss:  Simontrice,  N.  Y. 


went  into  the  Commission’s  deci¬ 
sions,  he  said  that  there  l>e6n  a 
tendency  to  evaluate  more  highly 
those  services  having  to  do  with 
safety,  particularly  safety  of  life, 
as  contrasted  with  factors  having 
to  do  with  convenience  or  luxury. 
There  was  also  a  higher  rating 
given  to  those  democratic  services 
that  benefited  the  greatest  number 
of  people.  , 

Speaking  about  the  future,  he 
V  advised  the  would-be  prognosti- 
\  cator  to  look  at  t^ie  living  room  and 
A  try  to  imagine  different  units  of 
furniture  to  represent  a-m  radio, 
f-m  radio,  television,  and  facsimile. 
He  thought  the  ccmclusion  was  in¬ 
escapable  that  there  would  even¬ 
tually  be  a  single  service. 

Radio  Club  Officers 

At  a  recent  meeting  of  its  direc¬ 
tors,  the  Radio  Club  of  America  an¬ 
nounced  the  reelection  for  1946  of 
F.  A.  Klingenschmitt,  president; 
0.  J.  Morelock,  vice-president;  Jo¬ 
seph  Stantley,  treasurer;  M.  B. 
Sleeper,  corresponding  secretary. 
Mr.  Morelock  is  also  serving  as 
chairman  of  the  Papers  Committee. 

Resistance  Welding 
Training  Course 

Differences  between  welding 
processes  and  the  application  of 
electronic  control  to  resistance 
welding  are  the  subjects  covered 
in  a  new  seven-part  training  course 
released  to  industry.  The  material 
was  put  together  originally  for 
Westinghouse  workers  but  made 
available  to  others  at  reproduction 
costs. 

Subjects  covered  by  the  course 
are  as  follows: 

Part  One — Basic  Definitions  of 
Welding  Technology;  Forge  Weld¬ 
ing;  Gas  Welding;  Thermit' Weld¬ 
ing;  Electric  Arc  Welding;  Resist¬ 
ance  Welding. 

Part  Two — Types  of  Resistance 
Welding'  Work;  Spot;  Projection; 
Seam;  Butt;  Flash;  Duty  Cycle. 

i*art  Three — The  Ignitron  and 
the  Thyratron:  Fundamentals  of 
Electronic  Tubes;  Ignitron;  Thy¬ 
ratron. 

Part  Four — How  the  Flow  of  Re¬ 
sistance  Welding  Current  is  Started 
and  Stopped. 

Part  Five — How  the  Amount  of 
Resistance  Welding  Current  is 
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Assembling  the  filament  stem 
of  a  50  kilowatt  vacuum  tube 
at  theFederal  Telephone  and 
Radio  Corporation  plant  at 
Clifton,  New  Jersey.  Ten  fire, 
seven  jet  Litton  burners. 


JET  MIX  BURNERS.  Litton  engineered  Jet  Mix  Burn^B^roved 
by  13  years  of  practical  industrial  performance,  have  st^B|d.  up 
production  in  a  number  of  urgent  war  industry  operat^B^ 
spectacularly  so  in  vital  vacuum  tube  output. 

,  Compact  in  size,  Litton  burners  are  designed  to  achieve  almS9 
complete  carburetion  thus  eliminating  the  intense  light  so  injurious^ 
to  eyes,  while  permitting  low  volume  operation  with  complete 
absence  of  pop  outs  —  explosions  due  to  rapid  change  of  fire  size. 
Other  features  of  Litton  burners  include  low  cost,  use  of  oxygen- 
gas  or  oxygen-hydrogen  at  low  and  non-critical  pressures,  uniform 
size  of  high  temperature  flame.  They  articulate  at  both  head  and 
base,  are  quickly  replaceable,  and  maintain  oxidizing  conditions 
permitting  work  close  to  burner  tips.  Models  available  are: 
single  jet,  two  to  twelve  fire  assemblies;  large  size,  seven  jet,  six 
or  ten  fire  assemblies;  Annealing  Burner  for  bench  mounting  or 
with  handle.  Also  hand  torches  with  single  or  seven  jet  burners. 
Complete  catalog  listings  may  be  had  on  request. 


ENGINEERING  LABORATORIES 

REDWOOD  CITY,  CALIFORNIA,  U.  S.  A. 
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Di SCRIBES 
DIRECT  READING 
PYROMETER  FOR 

CRYSTAL 

CHECKIHG 

IN 

SUB-ZERO  RANGES 


Manufacturers  of  radio  equip¬ 
ment  used  by  our  armed  forces 
are  urged  to  send  for  this  spe¬ 
cial  new  bulletin.  It  contains 
not  only  photographs  and  some  of  the  more  important  features  of  the 
Model  40,  but  complete  technical  data  regarding  its  construction 
and  operation  for  checking  temperature  changes  in  radio  crystals. 
Already  this  instrument  has  proven  indispensable  to  numerous 


manufacturers — and  has  been  subjected  to  exhaustive  tests  by  them 


as  well  as  Elematic  engineers.  It  is  accurate  to  within  Ij^®  .  .  .  has 
features  and  advantages  not  to  be  found  in  other  pyrometers  ...  is 
adaptable  to  all  types  crystal  holders  .  .  .  and  available  in  six  scale 
ranges.  Sold  with  an  unconditional  guarantee,  the  instrument  is  vital 
in  any  laboratory  where  closer  control  of  production  is  essential. 


ILIMATIC  EQUIPMENT  CORPORATION 

6046  S.  Wentworth  Ave.  •  Chicago  21,  Ill. 


Controlled:  Phase-Shift  Heat  Con¬ 
trol. 

Part  Six — Electronic  Timing 
Controls  in  Resistance  Welding: 
Basic  Principles  of  Electronic  Tim¬ 
ing;  Synchronous-Precision  Weld 
Timer;  Nonsynchronous  Timer; 
Sequence-Weld  Timer. 

Part  Seven  —  Energy  -  Storage 
Control ;  Capacitor-Discharge  Type ; 
Magnetic  Type. 

Material  costs  for  a  class  of  20 
are  $50,  including  the  lesson  and 
quiz  booklets,  supplementary  litera¬ 
ture,  slide  films  and  records,  and 
instructor’s  manual.  Slide  films  are 
for  operation  on  35-mm  equipment. 

FCC  Activity  Report 

According  to  compilations  in¬ 
cluded  in  the  tenth  annual  report 
of  the  Federal  Communications 
Commission  covering  the  period  up 
to  June  30,  1944,  the  number  of 
standard  broadcast  stations  has 
jumped  from  912  to  924  by  the  ad¬ 
dition  of  sixteen  new  licensees  and 
the  dropping  of  four.  320  emer¬ 
gency  radio  stations  were  author¬ 
ized,  running  the  total  in  this  class 
from  3558  to  3863  including  dele¬ 
tions. 

Under  the  heading  of  miscella¬ 
neous  radio  services,  the  following 
figures  are  shown: 


Class  of 

Total  Stations 

Station 

1942 

1948 

1944 

Geological  . 

. .  302 

825 

858 

Provisional . 

22 

36 

87 

Motion  Picture... 

16 

10 

8 

Mobile  Press . 

8 

3 

S 

Relay  Press . 

7 

5 

5 

Total  . 

. . .  340 

379 

461 

Geological  stations  are  used  by 
oil  companies  and  other  organiza¬ 
tions  for  the  determination  of  the 
character  of  underground  strata  of 
the  earth.  Low-power  portable  and 
mobile  geological  stations  are  used 
for  communication  by  personnel  of 
field  parties  prospecting  for  oil  and 
for  transmitting  signals  and  im¬ 
pulses  to  the  seismic  recording  in¬ 
struments  from  geophones  at  the 
various  pickups  at  distances  up  to 
fifteen  miles  from  the  centrally 
located  recording  truck. 

Provisional  stations  are  re¬ 
stricted  in  use  for  communications 
relating  to  safety  or  practical  ne¬ 
cessity  relative  to  projects  of  bene¬ 
fit  to  the  public.  Licenses  are  issued 
on  a  temporary  basis  only  and  for 
a  limited  period  of  time  not  to  ex¬ 
ceed  one  year,  subject  to  renewal  if 
the  need  continues.  The  increase 
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There  are  just  two  drawbacks  to,  this  method: 
(1)  the.range  is  limited.;  (2)  it's  not  done  after 
*'  ascertain  "age. 

"it,'  '  '--'f  ■" 

*  To  get  your  voice  heard  you  Want  it 
,  and  where  you  want  it,  Harvey-Wells  manu- 
^  »  factures  completely  dependable  cointnunications 
?  equipment.  , 

iA  For  peacetime  communications  in  the  marine 
industry  —  in  aviation  —  in  public  safety  serview 
—  Harvey-Wells  will  continue  to  transmit  the 
human  voice  efficiently  and  reliably. 


Know  the  compani  that  wattO  your 
hmsintst!  Out  qASB  BOOK  tells  the 
story  of  Harvty-Wellt  and  its  place  in 
Electronics,  Send  for  it  tod^.  Your 
name  on  your  letterhead  it  sufficient. 
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shown  is  attributed  largely  to  use 
by  guards  at  war  material  produc¬ 
tion  plants. 

Relay  press  stations  are  used  for 
short  distance  communication  on 
very  high  frequencies  from  the 
scene  of  important  news  events  to 
the  nearest  point  where  wire  line 
facilities  are  available,  while  mo¬ 
bile  press  stations  operate  on  high 
frequencies  and  provide  radiotele¬ 
graph  communication  between 
maritime  mobile  stations  and  land 
stations. 

Motion  picture  stations  are  used 
for  communication  with  parties  on 
location  in  isolated  areas  where  no 
other  communication  facilities  are 
available.  • 

Other  U.  S.  figures  include: 

Total  Stutious 

Service  .luneSO,  1944 

AVIATION 

Aeronautical . .  360 

Aeronautical  Fixed  .  105 

Aero.  &  Aero.  Fixed .  0 

Aircraft  .  2631 

Airport  Control .  28 

flying  School .  12 

Flight  Teat .  27 

Marker  Beacon .  3 

Inatrument  Landing .  0 


Chace  Alloy  No.  772  provides  a  ui:uque 
combination  of  properties  useful  to  elec¬ 
trical  equipment,  control  and  instrument 
manufacturers. 

if  Its  electrical  resistivity  is  about  60  %  higher 
than  most  resistance  alloys  in  common  use 
^  •  •  •  1050  ohms  per  circular  mil  foot. 

'At  Its  thermal  conductivity  is  less  than  50% 
^  that  of  steel . . .  only  about  2  %  that  of  copper. 

Its  temperature  coefficient  of  expansion  is 
twice  as  great  as  ordinary  steel  •  •  •  much 
^  higher  than  that  of  any  other  strong  alloy. 

Neither  its  resistivity  value  nor  its  expan- 
^  sion  rate  is  affected  by  thermal  treatment 
^  •  •  •  or  by  cooling  to  — 100®  F. 

^  Chace  Alloy  No.  772  is  non-magnetic.  • '  "■.* 

This  new  engineering  material  is  especially 
^  adapted  to  low  temperature  resistor  appli- 
^  cations,  rheostats,  auxilary  heater  for  cir¬ 
cuit  breakers,  and  other  electrically  heated 
At  expansion  elements  .  •  .  Available  now  in 
^  sheets,  strips,  and  rods. 

-Bulletin  No.  A'942*%  giving  detailed  information 
^  regarding  Chace  Manganese  Alloy  No.  772,  sent 
"  on  request. 


SHIP . 

EMERGENCY 
Municipal  Police  . 

State  Police . 

Zone  Police . 

Interzone  Police  . 

Forestry  . 

Special  Emergency 
Marine  Fire . 


3863 


Not  Much  Propaganda 

A  SURVEY  RECENTLY  run  off  for  Syl- 
vania  Electric  Products  Inc.  shows 
that  less  than  2  percent  of  the 
American  public  can  be  reached 
regularly  by  axis  propaganda,  even 
if  all  short-wave  receivers  were  cap¬ 
able  of  receiving  enemy  programs. 

Set  owners  in  different  parts  of 
the  country  and  in  different  income 
groups  were  interviewed  so  that 
radio  listening  habits  could  be  de¬ 
termined  as  a  guide  to  design  of 
postwar  receivers. 

It  was  discovered  that  about  52 
out  of  every  100  sets  in  use  may  be 
tuned  to  short  waves  although  37 
percent  of  them  are  never  used  for 
that  purpose. 


Electronic  Train  Control 

F6r  the  EXPEDITING  of  freight  traf¬ 
fic  and  as  a  factor  in  safety,  rail¬ 
road  radio  has  proved  of  value,  in 
the  opinion  of  E.  A.  Dahl,  speaking 


Thermostatic  Bimetals  and  Special  Alloys 

1630  BEARD  AVE  •  DETROIT  9, 
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IS  USED  IN  IGNITRONS  AND 


OTHER  ELECTRONIC  TUBES 


M«rcury  arc 
ractiflar 
anoda  and 


In  ignitron  rectifiers  .  .  .  a^d  in  many  types  of 
industrial  and  radio  tubes  .  .  .  "National”  elec¬ 
tronic  graphite  is  used  for  anodes  and  other 
tube  components  because  of: 

1 .  Purity  higher  than  any  other  anode  material. 

2.  Greater  energy  dissipation,  permitting  high¬ 
er  tube  ratings.  *  , 

3.  Higher  permissible  operating  temperatures 
than  with  other  anode  materials,  allowing 
wider  range  of  applications.  . 

4.  Low  expansion  characteristics  and  absence  of 
distortion  and  warping. 

5.  Close  dimensions. 


6.  Ease  of  machining,  providing  more  latitude 
of  design  and  construction. 

7.  Light  in  weight. 

In  addition,  the  reduction  of  heat  lessens  the 
tendency  of  other  tube  parts  to  warp,  while  the 
structural  strength  of  "National”  electronic 
graphite  gives  added  assurance  against  breakage 
from  vibration  and  shock. 

Representatives  of  National  Carbon  Com¬ 
pany  will  gladly  consult  with  you  in  the  design 
and  on  the  advantages  of  "National”  electronic 
graphite  for  components  of  any  type  of  tube. 
Inquire  at  our  nearest  Division  Office.  * 


The  registered  trade-mark  "National”  distinguishes  products  of  National  Carbon  Company,  Inc. 

NATIONAL  CARBON  COMPANY,  INC. 

Unit  of  Union  Carbide  and  Carbon  Corporation 

General  Offices:  30  East  42nd  Street,  New  York  17,  N.  Y. 

Division  Sales  Offices:  Atlanta,  Chicago,  Dallas,  Kansas  City,  New- York,  Pittsburgh,  San  Francisco 

B  P  YOUR  EYE  ON  THE  INFANTRY...  THE  DOUGHBOY  DOES  IT! 
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0.60002  TO  10.000  VOLTS 


MUUEL  aw 


ELECTRONIC 

VOLTMETER 


vfcji' 


MODEL  220 


OICAOE 


AMPLIFIER 


MODEL  402 
MULTIPLIER 


This  enormous  .range  of  voltages— five  hundred 
million  to  one — is  accurately  covered  hy  our 
Model  300  Electronic  Voltmeter  and  some  of  the 
accessories  shown  above.  Frequency  range  10  to 
150,000  cycles.  Accuracy  2%  over  most  of  the 
range.. AC  operation.'  Five  decade  ranges  with 
logarithmic  scale  make  readings  especially  easy. 
Uniform  decihel  scale  also  provided.  May  also 
he  used  as  a  highly  stable  amplifier,'  70.  DB 
gain,  flat  to  150,000  cycles. 


siLLliiitifE  lABoyTORies,  iim; 

BOONTON.  NEW  JERSEY,  U.  S.  A. 


at  a  recent  meeting  of  the  Collins 
Radio  Technical  Association 
(CRTA)  in  Cedar  Rapids,  Iowa. 
The  session  was  a  joint  meeting  of 
CRTA  and  the  Iowa  Section  of 
AIEE. 

The  talk  by,  Mr.  Dahl  was  pre¬ 
ceded  by  a  history  of  train-control 
systems  presented  by  A.  E.  Ganzert, 
electrical  engineer  for  the  Rock 
Island  Railroad. 

According  to  Mr.  Dahl,  radio 
will  supplement  telephone,  tele¬ 
graph,  and  teletype  communication 
but  will  not  supersede  these  tech¬ 
niques.  The  experiments  which  he 
has  finished  running  for  Rock 


«  .  ■*- 


Engineers  in  attendance  at  the  CRTA- 
AIEE  meeting  on  railroad  radio  inspect 
some  equipment.  They  are:  F.  M.  Davis, 
director  of  research  and  development: 
T.  A.  Hunter,  director  of  osciUotor  de¬ 
velopment:  and  L.  M.  Croft  operations 
manager — all  of  Collins  Radio  Co.;  A. 
E.  Gonzert,  electrical  engineer;  and 
E.  A.  Dahl,  electronic  engineer — Rock 
Island  Railroad. 


Island  include  carrier  current  on 
175  kc  and  radio  on  frequencies 
ranging  from  40  to  2700  Me.  He 
pointed  out  that  extremely  high  fre¬ 
quencies  are  especially  convenient 
for  direct  communications  since  an¬ 
tenna  lengths  vary  inversely  with 
frequency  and  physical  space  is  at 
a  premium. 


Gun  Location  by  Sound 
Ranging 


New  equipment  has  been  an¬ 
nounced  by  the  Signal  Corps  for 
use  in  sound  ranging  and  location 
of  enemy  guns.  The  new  equip¬ 
ment  is  less  than  half  the  size  and 
weight  of  that  used  by  the  Army  at 
the  beginning  of  the  war  and 
photographic  recording  is  being  re¬ 
placed  by  a  dry  recorder  which 
eliminates  the  need  for  photo¬ 
graphic  chemicals. 

In  the  system,  a  microphone 
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IT  ALWAYS  DID  WORK 

...but  h  took  the  war  to  make 


i 

industiy  realize  it ! 


Sub-contracting  is  not  a  war-baby.  The  auto¬ 
motive  industry  has  long  relied  upon  it.  Others, 
too,  but  most  manufacturers  confined  their 
outside  purchases  to  standard  components  like 
electric  motors,  relays,  hardware,  and  so  on. 

Came  the  war  .  .  .  had  it  not  been  for  the  uni¬ 
versal  adoption  of  sub-contracting  (even  highly 
specialized  parts  and  assemblies)  there’s  no 
telling  how  far  back  along  the  road  to  Victory 
we’d  be. 
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'  Why  has  industry  hesitated? 

I  Prime  contractors  have  had  conflicting  experi¬ 
ences  with  sub-contracting.  Some  have  hesi¬ 
tated  as  a  result  of  hearing  complaints  from 
'  others  about  rejects,  falling  down  on  deliveries, 
lack  of  integration  with  production  schedules, 
failure  of  parts  to  fit.  The  why  is  really  very 
simple. 

!  It’s  a  part  of  the  war  .  .  .  not  the  fault  of  the 
sub-contracting  system.  Over  night,  concerns 
were  asked  to  convert  from  some  non-essential 
peacetime  product  to  making  parts  for  someone 
else.  They  had  never  worked  for  someone  else. 


Sub-Contracting  new  to  most  war  plants 

Sub-contracting  is  one  of  the  toughest  assign¬ 
ments  in  all  industry.  It  calls  for  a  different 
kind  of  teamwork . . .  ingenuity  . . .  timing  with 
the  other  fellow’s  operation.  And  most  of  these 
American  plants  found  themselves  in  the  sub¬ 
contracting  business  without  the  sub-contract¬ 
ing  thinking. 

Here  at  Lewyt,  we  have  a  real  appreciation  for 
their  problem.  When  the  prime  contractors  for 
whom  we  work  discuss  the  shortcomings  of 
some  sub-contractors,  we  try  to  point  out  that 
the  integration  which  they  have  come  to  expect 
from  us  is  a  result  of  long  experience  in  sub¬ 
contracting.  After  all,  that’s  been  our  business 
for  the  past  fifty  odd  years. 

Write  on  your  business  stationery  for  48  page 
book  ’’Let  Lewyt  Do  It”— the  story  of  the 
Lewyt  organization  in  pictures.  Lewyt  Cor¬ 
poration,  60  Broadway,  Brooklyn  11,  N.  Y. 

★  ★  ★ 

A  contract  manufacturer — expertly  staffs  to  pro¬ 
duce  complete  electronic  and  mechanical  assem¬ 
blies,  component  parts  and  sub-assemblies,  to  the 
most  exacting  requirements. 


lies 
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No,  2  of  a  Senes 


MODERN 
COIL  WINDINGS 

on  bobbins 

Three  bobbins  are  being  wound  in 
sequence,  which  results  in  a  mini¬ 
mum  unit  coil  cost  and  maximum 
production. 

May  we  help  you  with 
your  war  production 
problems? 

COTO-COIL  CO.,  INC 


COIL  SPECIALISTS  SINCE  1917 


65  PAVILION  AVE. 


PROVIDENCE  5,  R.  I. 


Here  a  British  Army  operator  uses 
radio  to  effect  licdson  between  the 
listening  post  emd  the  recording  center 
where  sensitised  poper  records  the 
gunfire-impulses  picked  up  by  the 
sound-rcmging  microphone  array 

array  is  spread  through  the  area 
behind  the  front  lines  with  wire 
connections  to  a  central  station. 
Microphones  pick  up  signals  from 
enemy  gunfire  or  our  own  shell 
bursts  and  the  differences  in  time 
of  arrival  provide  data  for  geomet¬ 
ric  calculations  on  the  position  of 
the  detonation. 

Private  British  Television 

It  is  reported  that  television,  dis¬ 
continued  in  Great  Britain  at  the 
start  of  the  war,  is  being  tried  out 
again  on  a  closed-circuit  basis. 
Owners  of  receivers  are  not  yet 
permitted  to  see  what  the  new  de¬ 
velopments  are. 

Science  After  the  War 

Four  advisory  committees  have 
been  set  up  under  OSRD  (Office  of 
Scientific  Research  and  Develop¬ 
ment)  to  search  out  answers  for 
four  questions  recently  asked  by 
President  Roosevelt  in  a  letter  to 
Dr.  Vannevar  Bush,  director  of  the 
Office. 

Question  1  was  “What  can  be 
done,  consistent  with  military  se¬ 
curity,  and  with  the  prior  approval 
of  the  military  authorities,  to  make 
known  to  the  world  as  soon  as  pos¬ 
sible  the  contributions  which  have 
been  made  during  our  war  effort  to 
scientific  knowledge?” 

The  committee  to  deal  with  this 
question  is  chairmanned  by  Dr.  Ir¬ 
vin  Stewart,  executive  secretary  of 
OSRD.  Its  members  include:  Dr. 
Karl  T.  Compton,  MIT;  Dr.  J.  B. 
Conant,  Harvard;  Dr.  M.  A.  Tuve, 
Carnegie  Institution;  Dr.  J. 
Baxter,  OSRD  &  Williams  College; 
and  C.  L.  Wilson,  OSRD. 

The  second  question  relates  to 
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Sent  frtm  Vtthm  Bm.  hetart 
"RHAPSODY  IN  BUJB" 


Fairchild 

Portable  Recorder 


that  heeps  the  original  masir  and  upeeeh  aiirel 


Your  station  announcer  ,  .  .  not  quality  variation  .  . .  should 
tell  your  listening  audience  whether  your  broadcast  is  a  ‘live’ 
or  ‘recorded’  program. 

Live’  and  ‘recorded’  quality  should  be  practically  indis¬ 
tinguishable! 

Fairchild-built  recording  channels  put  the  fundamental 
tone  and  all  overtones  up  to  8,000  cycles  on  the  record  at  full 
strength.  The  bass  takes  on  the  character  of  the  individual 
instruments  instead  of  the  all-too-prevalent  overall  ‘boom, 
lioom’  which  leaves  the  listener  wondering  whether  the  re¬ 
corded  sound  is  string  bass,  brass  horns,  bassoon  or  drums. 


At  the  other  end  of  the  sound  spectrum,  and  throughout 
all  intermediate  ranges,  Fairchild  recorded  sound  comes 
back  over  good  playback  systems  with  absolute  naturalness. 
No  doubt  remains  in  the  listener’s  mind  that  he’s  hearing  the 
‘live’  qualities  of  the  orchestra,  band,  or  the  even-more-diffi- 
cult-to-record  individual  performances  of  the  piano  or  pipe 
organ. 

Fairchild  Portable  Recorder  descriptive  and  priority  data 
are  available.  Address  New  York  Office:  475  -  10th  Avenue, 
New  York  18;  Plant:  86-06  Van  Wyck  Boulevard,  Jamaica  1, 
N.  Y. 


SOUND 

BQUIPMIU 
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organizing  a  program  for  contini^ 
ing  the  war  of 


science  againll] 
disease  and  will  be  investigated  bj  • 
a  committee  of  medical  people. 

Question  three  is  concerned  with  ] 
steps  which  should  be  taken  by  Ml 
government  to  aid  research  activi-": 
ties  by  public  and  private  organ 
tions.  The  chairman  of  the 
mittee  looking  into  this  is 
Isaah  Bowman,  president,  Johijli 


University;  Dr.  Walter  C.  Coffey,! 
University  of  Minnesota;  Rev.  J. 
Hugh  O’Donnell,  University  of 
Notre  Dame ;  Dr.  Clarence 
Dykstra,  University  of  California^ 
and  Dr.  Oliver  E.  Buckley,  Bell 
Telephone  Laboratories. 

Under  category  four,  an  effective 
program  will  be  formed  for  dis* 
covering  and  developing  scientific 
talent  in  American  youth.  Chai^ 
man  of  the  committee  looking  into 
this  problem  is  Dr.  Henry  Allen 
Moe,  of  the  John  Simon  Guggen* 
heim  Memorial  Foundation. 

Other  members  are  Dr.  J.  B. 
Conant,  Dr.  R.  E.  Doherty,  Carne¬ 
gie  Institute  of  Technology;  Dr. 
Henry  A.  Barton,  American  Insti¬ 
tute  of  Physics ;  Dr.  Watson  Davis,, 
Science  Service;  Henry  Chaunccy,j 
Harvard;  and  T.  R.  McConnell,  Uni¬ 
versity  of  Minnesota. 


C.  M.  H.  Stainless  Steel  BELLOWS 
Are  Standard  Production  Items 


C.  M.  H.  Stainless  Steel  BELLOWS  assure  non-corrosion  of  the  assem< 
are  standard  production  products; 
hence,  shipping  delays  are  mini¬ 
mized.  All  the  advantages  of  Stain¬ 
less  Steel  have  been  utilized  in  the 
art  and  craftsmanship  of  C.  M.  H. 

BELLOWS.  They  are  the  solution 
to  both  difficult  and  urgent  re¬ 
quirements. 

C.  M.  H.  Stainless  Steel  BELLOWS 
are  corrosion  resistant  and  operate 
efficiently  at  either  high  or  low  tem¬ 
peratures.  They  have  the  qualities 
required  for  handling  high  pres¬ 
sures— which  may  be  further  in¬ 
creased  by  multiple  ply  construc¬ 
tion,  where  needed.  Ferrous  fittings 
attached  by  circular  seam  weld¬ 
ing,  give  uni-metal  assembly  and 


Security  Board 

Meanwhile,  to  serve  the  hiatal 
between  the  expiration  of  the  pres¬ 
ent  OSRD  and  the  establishmeat 
by  Congress  of  a  new  independent 
agency  to  develop  war  weapon!, 
Secretary  of  War  Stimson,  Secre¬ 
tary  of  the  Navy  Forrestal,  and 
Dr.  Frank  B.  Jewett,  president  (rf 
the  National  Academy  of  Sciencei, 
announced  the  establishment  of  a 
Research  Board  for  National  Se-j 
curity. 

Membership  in  the  executive 
committee  will  include:  Karl  T.l 
Compton,  MIT,  as  chairman;  Brig. 
Gen.  W.  A.  Borden,  War  Depart¬ 
ment  Special  Staff,  and  Rear  Ad- 
'miral  J.  A.  Furer,  Navy  Depart¬ 
ment. 

Among  the  civilian  board  meffl^ 
bers  are:  Dr.  Oliver  E.  Buckl^» 


Ask  for  Chicago  Metal  Hose  Engineering 
Take-off  Form  SSB2  on  which  to  submit 
your  bellows  requirements.  It  will  save 
you  time  —  assure  more  accurate,  ex¬ 
peditious  handling. 


Flexible  Metal  Hose  for  Every  Industrial  Use 


CHICAGO  mETALHOSE  Corporation 

■  ■  ■  I  I  fRAVUIOOD.  ILLIMOIfi 


intss  Maywood  and  Elgin,  III. 
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COMMUNICATION  AND  CONTROL  INSTRUMENTS 


Bell  Telephone  Laboratories;  Prof. 
Lee  A.  DuBridge,  University  of 
Rochester;  Zay  Jeffries,  General 
Electric  Co.;  Prof.'  C.  C.  Laurit- 
sen,  California  Institute  of  Tech¬ 
nology;  Prof.  E.  0.  Lawrence,  Uni¬ 
versity  of  California;  and  I.  I. 
Rabi,  Columbia  University.  Among 
military  members  is  included  Maj. 
Gen.  Harry  C.  Ingles,  chief  signal 
officer. 


Frequency  Standard 


RMA  Trade  Directory 

Recently  published  by  Radio 
Manufacturers  Association  is  a 
booklet  combining  the  membership 
list  with  a  trade  directory  includ¬ 
ing  product  listings  of  normal 
‘production. 

Contents  of  the  book  include 
lists  of  officers  and  executives, 
boards  of  directors,  and  past 
presidents  of  the  Association.  De¬ 
tailed  information  on  personnel  is 
shown  for  standing  committees, 
si)ecial  committees,  divisional  ex¬ 
ecutive  committees,  sections  of  di¬ 
visions,  and  the  engineering  depart¬ 
ment. 

Other  data  includes  a  roster  of 
the  Radio  Technical  Planning 
Board,  WPB  and  OPA  industry  ad¬ 
visory  committees.  In  the  mem¬ 
bership  section,  member  com¬ 
panies  are  listed  by  personnel, 
products,  and  trade  names  and 
cross-indexed  according  to  their 
membership  in  the  set,  tube,  trans¬ 
mitter,  parts,  amplifier,  and  sound 
equipment  divisions.  Associate 
members  are  likewise  listed. 


'At  Stable  output  up  to  megacycles 

\ 

'At  Output  circuit  is  tunabl^ 

\ 

'At  Cool  operation,  even  if  continuous 
.  \ 

At  Famous  JK  dual  T8MD  Crystal 

IT  Metal  cabinet,  grey  crackle  finish 


Servicing  Legislation 

According  to  information  received 
by  RMA,  a  bill  has  been  introduced 
in  the  Oregon  State  Legislature  to 
require  the  licensing  of  radio  re¬ 
pairmen.  A  similar  bill  was  previ¬ 
ously  introduced  in  the  California 
governing  body. 


IMMEDIATE  DELIVERYi 
Complete  Price  Only  $59,50  \ 


BUY  MORE  WAR  BONDS 


Television  Engineering 
Committee 

Television  Broadcasters  Associa¬ 
tion  forms  an  engineering  com¬ 
mittee  chairmanned  by  F.  J.  Bing- 
ley,  Philco  Radio  &  Television  Corp. 
Others  members  of  the  committee 
are:  W.  J.  Purcell,  General  Elec¬ 
tric  Co.,  Schenectady;  Dr.  Thomas 
T.  Goldsmith  Jr.,  Allen  B.  DuMont 
Laboratories  Inc.;  David  B.  Smith, 
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SUPER.QUALITY  COILS  AT  'REASONABLE  PRICES 

More  and  more  every  day,  the  Industry  is  turning  to  Albion 
for  fast,  quality  and  quantity  production  of  coils,  chokes, 
and  transformers.  That’s  because  here  you  benefit  from 
the  unbeatable  combination  of  management  "know  how,” 
skilled  workmanship,  streamlined  facilities,  and  central 
location.  Your  requirements  will  be  given  prompt  and 
thoughtful  attention. 
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COIL  COMPANY 

ALBION,  ILLINOIS 

R.  F.  AND  TRANSMITTING  COILS  AND  CHOKES; 
I.  F.  TRANSFORMERS 


wm 


r^/^¥Tri  4 


B.R.C.  instruments  are  designed  and  manufac¬ 
tured  to  give  accurate  and  precise  direct  read¬ 
ing  measurements  with  simplicity  of  operation. 


TYVE  160- A 


A  Standard  for  Measurements  with  a  repu¬ 
tation  for  accurate  and  dependable  service.  Has  a 
Frequency  Range  of  50  kc  to  75  me  which  may  be 
extended  with  external  oscUlatw  down  to  1  kc. 


Qmeter 


TYPE  170-A 


This  instrument  retains  the  same  general  operating 
principles  and  characteristics  of  the  160- A  Q  Meter 
but  with  such  structural  modifications  and  design 
refinements  as  are  required  for  accurate  perform¬ 
ance  at  higher  frequencies.  Has  a  continuously 
variable  frequency  range  of  30  me  to  200  me. 


BOONTO 


■OONTON,  N.  J. 


ADIO 


[nSICNFBS  AND  MANUFAf  TUBFBS  OF  THF  O  M  F  F  F  B  Qx  CMFCKFB  FBEOUEnCV  MODULATED  signal 

GENEBaTOB  BFaI  fbfqufnCV  GFnFBaIOB  and  OTMEB  DIBECT  beading  test  INSTBUmFNTS 


Philco  Radio  &  Television  Corp.; 
0.  B.  Hanson,  NBC ;  Robert  Shelby, 
NBC  (alternate) ;  E.  A.  Hayes, 
Hughes  Productions,  Los  Angeles; 
George  Lewis,  Federal  Telephone 
and  Radio  Corp.;  Harry  Lubeke, 
Don  Lee  Broadcasting  System, 
Hollywood;  and  H.  L.  Blatterman, 
Earle  C.  Anthony,  Inc.,  Los  An¬ 
geles. 


Morale  Radio 


Development  is  complete  on  a  new 
Signal  Corps  radio  receiver  to  be 
used  for  morale  and  recreational 
purposes  by  troops  overseas.  Known 
as  R-IOO/URR,  the  unit  provides 
reception  for  medium  and  short¬ 
wave  broadcasts  and  operates 
from  self-contained  batteries  or 
from  a-c  or  d-c  power  sources. 


MEETINGS  TO  COME 

April  4;  Institute  of  Radio  Engi¬ 
neers,  New  York  Section;  War¬ 
time  Developments  in  Electronics, 
by  Dr.  W.  L.  Everitt,  national  presi¬ 
dent;  Engineering  Societies  Build¬ 
ing,  33  W.  39th  St.,  New  York, 
N.  Y.;  J.  T.  Cimorelli,  secretary. 
Radio  Corp.  of  America,  Harrison, 
N.  J. 


April  11;  American  Institute  of 
Electrical  Engineers,  New  York 
Section,  Electron  Ballistics  in 
High-Frequency  Fields;  Mines 
Building,  Columbia  University, 
New  York,  N.  Y.;  Prof.  C.  W.  van 
der  Merwe,  symposium  chairman, 
Dept,  of  Physics,  Washington 
Square  College,  New  York  Uni¬ 
versity,  New  York,  N.  Y. 

April  12-14.  Electrochemical  So¬ 
ciety,  87th  General  Meeting,  Hotel 
Claridge,  Atlantic  City,  N.  J.  Colin 
G.  Fink,  secretary,  Columbia  Uni¬ 
versity,  New  York  27,  N.  Y.  Sub¬ 
ject  to  postponement  or  cancella¬ 
tion. 


April  12-14.  Optical  Society  of 
America,  Cleveland,  Ohio.  Arthur 
C.  Hardy,  secretary,  Massachusetts 
Institute  of  Technology,  Cambridge 
39,  Mass.  .  .  .  Cancelled. 

April  16-20.  National  Electri¬ 
cal  Manufacturers  Association, 
Spring  Meeting,  Palmer  House, 
Chicago,  Ill.  .  .  .  Cancelled. 

April  20-21;  Associated  Police 
Communication  Officers,  New 
York  Chapter;  Annual  Meeting, 
Schenectady,  N.  Y. ;  Francis  A. 

{Continued  on  page  330) 
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CONTROLS  FOR 
WORLD  MARKETS 


Leonard  Controls  have  an  enviable  record  of  performance 
in  war  equipment.  On  the  sea,  under  the  sea,  on  the  ground,  and  in 
the  air  —  subjected  to  widely  varying  climatic  conditions  in  all  parts 
of  the  world! 


Obviously  manufacturers  who  are  planning  world-wide  postwar 
markets  can  be  certain  that  the  Ward  Leonard  controls  they  incor¬ 
porate  in  their  products  will  give  continuous  trouble-free  service^ 

Write  for  our  catalogs  describing  the  types  of  controls  you  need. 


RELAYS  •  RESISTORS  •  RHEOSTATS 


Blecfric  eonfrol 


WARD  LEONARD  ELECTRIC  COMPANY  •  32  SOUTH  ST.  •  MOUNT  VERNON,  N.  Y. 
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Comco  Production  Planning  Means 

QUALITY  RADIO  AND 
ELECTRONIC  EQUIPMENT 


{Continued  from  page  326) 
Burns,  secretary,  240  Centre  St., 
New  York  13,  N.  Y. 

April  25-26.  American  Institute 
OP  Electrical  Engineesis,  North 
Eastern  District  Meeting,  Buffalo, 
N.  Y.  .  .  .  Cancelled. 

April  26-27.  Institute  of  the 
Aeronautical  Sciences,  National 
Light  Aircraft  Meeting,  Detroit, 
Mich.  .  .  .  Cancelled. 

April-May  ;  National  Associa¬ 
tion  OF  Broadcasters,  Annual  Con¬ 
ference.  .  .  .  Cancelled. 

May  2;  Institute  of  Radio  Engi¬ 
neers,  New  York  Section;  Alloca¬ 
tions,  by  E.  K.  Jett,  FCC  Commis¬ 
sioner  ;  Engineering  Societies 
Building,  33  W.  39th  St.,  New  York, 
N.  Y.;  J.  T.  Cimorelli,  secretary. 
Radio  Corp.  of  America,  Harrison, 
N.  J. 

May  - ;  Society  for  Experi¬ 

mental  Stress  Analysis,  1945 
Spring  Meeting,  Buffalo,  N.  Y. 
W.  M.  Murray,  president,  P.O.  Box 
168  Central  Square  Station,  Cam¬ 
bridge  39,  Mass.  Subject  to  post¬ 
ponement  or  cancellation. 

May  11-12;  Acoustical  Society  of 
America,  New  York,  N.  Y.;  Wal¬ 
lace  Waterfall,  secretary,  350  Fifth 
Ave.,  New  York  1,  N.  Y.  Subject  to 
postponement  or  cancellation. 

May  14-18;  Society  op  Motion 
Picture  Engineers,  57th  Semi- 
Annual  Technical  Conference;  Hol- 
Isrwood-Roosevelt  Hotel,  Holly¬ 
wood,  Calif. ;  W.  C.  Kunzmann,  con¬ 
vention  vice  president,  P.O.  Box 
6087,  Cleveland  1,  Ohio.  Subject  to 
postponement  or  cancellation. 

May  28;  American  Society  for 
Measurement  &  Control,  Meeting 
on  Process  Control;  Roosevelt  Ho¬ 
tel,  Pittsburgh,  Pa.;  L.  M.  Susany, 
secretary,  Carnegie  Institute  of 
Technology,  4400  Forbes  St.,  Pitts¬ 
burgh  13,  Pa. 

June  25-29;  American  Institute 
OF  Electrical  Engineers,  Sum¬ 
mer  Technical  Meeting;  Detroit, 
Mich. ;  H.  H.  Henline,  secretary,  33 
West  39  St.,  New  York  18,  N.  Y. 
.  .  .  Cancelled. 


For  the  Best  in  Dependable  Performance 


Production  Planning  at 

COMCO  is  the  point  where 
research  and  development 
are  synchronized  with 
precision  manufacture  and 
scientific  assembly.  The  re¬ 
sult:  a  product  of  fine  qual¬ 
ity  and  superior  operating 
characteristics,  customized 
to  meet  the  most  exacting 
requirements. 


COMCO  TRANSMITTER  Model  127AA 

15  watts  output.  Frequency  range  200  to  550 
kc.  Cabinet  size:  Width  23";  Depth  18";  Height 
48".  Other  COMCO  Transmitters  available  for 
operation  on  VHFand  medium  high  frequencies. 


COMCO  RECEIVER  Model  82F 

Fixed  tuned,  single  frequency,  crystal  controlled, 
superheterodyne,  radio  telephone  receiver.  Fre* 
quency  range  2  to  8  Me.  Standard  3'/2"  rack 
panel  mounting.  Eight  tubes.  Other  COMCO 
Receivers  available  for  operation  on  VHF  and 
low  frequencies. 


Wim\  Just  a  mAe  on  your  company  - 
letterhead  outlining  your  exact  re-  \ 
Quirements.  We'll  nee  you  the  ben- 
eM  oj  our  specialieed  experience. 

MANUFACTURERS  OF  RADIO 


.  We  can  supply  a  wide  variety  of 
'  cuatomized  equipment  on  priority 
Now.  We  are  accepting  non-priority 
orders  for  post-war  delivery. 

Sc  ELECTRONIC  EQUIPMENT 


WASHINGTON  NEWS 

Resistors.  During  1944,  the  fixed- 
and  variable-resistor  industry 
shipped  600,496,000  units  valued  at 
$48,000,682,  as  compared  to  1943 
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.1  1000  13/16 
.25  1000  1-1/16 
,5  1000  1-7/16 


.0075  1000 

.01  1000 

.05  1000 


OSO^STGCL  HOT  TINNCO 


ron  oiA 
UH  TO 
AND  .H 


Clast  20M — Both  terminals  insulated 

1  Clast  21M — Both  tarminals  insulated  I 

(without  insulating  tube) 

(with  insulating  tube)  | 

CAP. 

MFDS. 

VOLTS 
D.  C. 

SIZE  (inches) 

D.  L. 

CAP. 

IMFDS. 

VOLTS 
D.  C. 

SIZE  (inches) 

D.  L. 

.001 

1000 

1/2 

1-3/16 

.05 

800 

11/16  1-5/8 

13/16  1-7/8 

.0025 

1000 

1/2 

1-3/16 

.1 

800 

.005 

1000 

1/2 

1-3/16 

.1 

Wt }  !  lOTM 

.005 

600 

3/8 

15/16 

.25 

.01 

600 

3/8 

1-3/16 

.25 

400 

13/16  2-5/16 

.02 

600 

1/2 

1-1/16 

.5 

400 

1-1/16  2-5/16 

.05 

6U0 

9/16 

1-5/16 

1. 

400 

1-1/16  3-15/16 

.1 

200 

9/16 

1-13/16 

1. 

200 

1-1/16  3-3/16 

.25 

.5 

200 

200 

3/4 

1 

1-7/8 

1-13/16 

1.5 

2. 

Qatt  22M — One  terminal  grounded  Clast  23M — One  terminal  grounded 
(without  insulating  tube)  (with  insulating  tube) 


1-1/16 

1-1/16 

1-13/16 


2-1/16 

2-1/2 

2-13/16 


This  line  of  FAST  Capacitors  have  containers 
made  of  brass  with  a  heav^  tin  dip".  The  termi¬ 
nals  are  made  with  bushings  of  NEOPRENE 
and  BAKELITE  and  are  coated  with  "fungus- 
resistant”  insulating  varnish.  They  have  excel¬ 
lent  stability  over  a  wide  range  of  temperatures 
and  frequencies — will  pass  recognizea  thermal 
and  salt  water  immersion  tests. 

Ihquiries  are  particularly  invited  from  organ¬ 
izations  planning  to  build  that  better  equipment 
for  the  new  day  ahead.  Please  feel  free  to  call 
us  on  any  capacitor  problems. 

When  You  Think  of  Capacitors  . . .  Think  FAST 


(Standard  Capacity  Tolerance  on  the  above  units  is  ^  20%.  Closer 
or  wider  tolerances  may  be  obtained  if  required.) 

Standard  or  Special  Units  to  Meet  Every  Need 

FAST  Capacitors  are  produced  in  many  types  and 
sizes  in  standard  or  special  designs.  We  can  supply 
paper  capacitors— oil  or  wax  impregnated— rectangu¬ 
lar  or  tubular— in  sizes  from  the  smallest  to  the  largest. 

^CTRON  ICS  — ApriV  194S 


Capacitor  Specialists  for  a  Quarter-Century 
3101  North  Crovifford  Avonuo,  Chicoao  41 

ttmoMMoUvoi;  iteupn  hi§/m»tl0te  Warti 
7101  OammU  Avaaua.  MaMmal,  far  Pawar  fattai  Carrattiaa 
J.  K.  longitoff*,  lid..  FI  King  Siraat,  W.,  Tarania  I,  far  SpaM  /\pftliralian$ 


TELEX  in  Railroad  Radiol 


shipments  of  398,361,000  units 
worth  $35,066,000,  according  to 
WPB.  Average  cost  per  resistor 
ranged  from  10.3^  in  August,  1943, 
to  7.1^  in  January,  1945,  a  reduc¬ 
tion  of  31  percent. 

According  to  information  given 
the  Industry  Advisory  Committee 
at  a  recent  meeting,  new  designs  of 
electronic  equipment  are  expected 
to  bring  about  a  greater  demand 
for  precision  wire-wound  rd^istors. 
Because  resistor  manufacturers  are 
not  allowed  to  order  raw  materials 
except  to  fill  recorded  orders,  the 
existing  situation  where  their  back¬ 
log  has  dropped  may  cause  an  in¬ 
crease  in  the  length  of  delivery 
time. 


Radio  Frequency  Cables.  Ap¬ 
proved  by  the  War  and  Navy  De¬ 
partment  for  use  of  procurement 
services  of  the  Army  and  Navy  is 
JAN-C-17  covering  coaxial  and 
twin  conductor  cables  for  radio  fre¬ 
quency.  Types  included  are  fiexible 
and  semi-fiexible,  coaxial,  twin  con¬ 
ductor,  and  dual-coaxial  shielded 
cable  for  radio  frequencies  and  em¬ 
ploying  solid  and  semi-solid  dielec¬ 
trics  of  low-loss  polymeric  resin, 
thermosetting  compounds,  or  vul¬ 
canized  synthetic  rubber. 

Designated  by  Army  Number 
71-4920  and  Navy  Number  16C8, 
the  specification  lists  applicable 
specifications,  types,  material  and 
workmanship,  general  and  detail  re¬ 
quirements,  methods  of  sampling, 
inspection  and  test,  and  packing 
and  marking  for  shipment.  Detail 
requirements  are  covered  by  over 
forty  individual  cable  specifica¬ 
tions. 


With  the  coming  of  frequency  modulation, 
radio  promises  to  take  its  place  in  railroad 
conununications.  With  the  realization  of 
this  advancement  in  the  interest  of  safety 
and  operation,  the  new  TELEX  TWIN- 
SET  can  fulfill  another  assignment  where 
accurate  reception  and  dependability  are 
of  prime  importance. 

Cleverly  designed  to  wear  under  the 
chin  instead  of  over  the  head,  the  new 
TELEX  TWINSET  is  one  of  the  newest 
engineering  developments  in  electro- 
accoustics.  Gone  will  be  the  ear  pressure 
and  head  fatigue  suffered  with  most  head 
sets,  for  the  TELEX  TWINSET  weighs 
just  IH  oimces  and  only  requires  space 
of  5  X  6  inches. 

Why  not  learn  how  it  can  help  simplify 
a  project  on  your  schedule?  Write  for 
more  information  about  the  new  TELEX 
TWINSET  receiver. 


Suggested  uses  for 
TELEX 
TWINSET 


Switchboard 
Airport  radio  recoivori 
Radio  stations 

Sound  roseorch  laboratories 
Dictating  Equipment 
Medical  stethoscopic  use 
I.  C.  system  for  trains 
Civic  Depts.  (find»water  main 
or  conduits) 

PUBUC  HIARING 

Theatres 

Churches 

Auditoriums 

CIVILIAN  USi  IN  FLANIS 

PHot 

Passenger  radio  selection 
Telegraph 
Monitor  radio 


Electron  Tube  Needs.  Require¬ 
ments  for  1945  being  about  25  per¬ 
cent  higher  than  the  12,000,000  ra¬ 
dio  tubes  a  month  needed  in  1944, 
WPB  has  created  a  radio-tube  task 
committee  to  advise  on  methods  for 
increasing  production.  Consisting 
of  members  from  both  AFL  and 
CIO  organizations,  it  will  discuss 
difficulties  present  in  the  various 
tube  plants. 

The  committee  suggested  that 
much  of  the  production  difficulties 
come  from  labor  turnover  brought 
about  by  low  wage  rates.  At  the 
same  time  the  receiving-tube- 
scheduling  advisory  Committee 
feels  that  completion  of  certain  fa¬ 
cilities  will  make  it  possible  for  in- 


PRODUCTS  COMPANY 

ELECTRONIC  PRODUCTS  DIVISION 
MINNEAPOLIS  1,  MINNESOTA 
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You  can  rely  on  this 

Blower  Motor 

to  operate  dependably  in 
marine,  aircraft,  electronic, 
and  similar  applications  .  •  * 


ratKMUiANa  WITH  i-o  Tuno  nn  iiown 


Typ«  I  F.9AJ 


Voltqg.  I  115  A.C.  60CYC.  I  Z7  D. 


ItiA.  5000 


I  ClockwiMOriv*End 


You  can  recon^ 
mend  Oster  Mo¬ 
tors  with  full 
assurance  that 
they  will  live  un 
to  the  world¬ 
wide  reputttioo 
of  pre-war  Oster 
appliances, 
Oster-powered.  > 


In  planning  your  post-war  product,  it  is  well  to 
remember  the  design  and  operating  advantages 
of  this  Oster  blower  motor.  Although  has  been 
especially  designed  for  use  in  the  marine,  aircraft, 
and  electronic  fields,  it  may  have  qualities  that  fit 
your  particular  product.  Qiedc  these  features: 

Housing:  Die  cast,  zinc  field  housing  and  alu¬ 
minum  end  brackets.  Totally  enclosed. 

Finish:  Black  baked  enamel. 

Wolght:  5  lbs. 

Boatings:  Single  shielded  ball  bearings  lubri¬ 
cated  with  a  grease  suitable  for  any  specific 
application.  B^uring  housings  fitted  witn  steel 
inserts. 

Windings  and  Insuiation:  Field  coils  and  arma¬ 
ture  wound  with  a  select  grade  of  insulated  cop¬ 
per  wire  and  impregnated  with  a  high  quality 
heat  and  moisture  resisting  insulating  varnish. 

Mounting:  Available  with  either  base  nmunting 
or  machined  pads. 

Brushos:  Metal  graphite  or  electro,  graphite 
brushes  of  ample  size  to  assure  unusually  long 
brush  life.  Phosphor  bronze  ot  beryllium  cop¬ 
per  brush  springs. 

'Tomporaturo  BIso:  55*C.  maximum  frame  tem¬ 
perature  rise  at  rated  output. 

Modifleaflon:  Motors  can  be  furnish^  widi 
special  shaft  extensions,  mounting  arrange¬ 
ments,  finished  Inds,  etc. 

Let  us  help  you  fit  this  and 
ocher  Oster  Motors  to  your  re¬ 
quirements. 

WAR  BONDS 


John  Oster  Manufacturing  Co. 


DEPARTMENT  L-1  ' 


RACINE,  WISCONSIN 
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RADIO  SPEAKERS  ^ 

^<yi  a// 

Recently  expanded  production  facilities 
combined  with  complete  engineering  "know¬ 
how"  enable  Consolidated  Radio  Products 
Co.  to  supply  the  finest  radio  speakers 
available.  Speakers  can  be  furnished  in  the 
following  ranges: 

Dynamic  Speakers  from  2  inches  to  16  inches 
Permanent  Magnet  Speakers  from  2  inches  to  18  inches 
Headsets 


SPnta//  und  tjiiecfium 

TRANSFORMERS 

Consolidated  Radio  is  also  a  nationally 
known  manufacturer  of  small  and  medium 
transformers  including  Pulse  Transformers, 
Solenoid  and  Search  Coils. 

Engineering  service  is  available  to  design 
transformers  and  speakers  for  special  appli¬ 
cations,  or  to  your  specifications. 


creased  military  requirements  to 
be  filled. 

Shipments  of  forty  critical  types 
of  receiving  tubes  are  being  frozen 
at  the  factories  to  allow  specific  au¬ 
thorization  and  direction  by  WPB. 
Forty-one  other  types  were  de¬ 
clared  obsolete  for  the  duration. 

Receiver  Designations.  Several 
stipulations  have  recently  been  is¬ 
sued  by  FTC  (Federal  Trade  Com¬ 
mission)  under  which  radio  com¬ 
panies  have  agreed  to  cease  and  de¬ 
sist  from  representing  that  any 
radio  receiving  set  contains  a  desig¬ 
nated  number  of  tubes  when  any 
of  the  tubes  do  not  perform  recog¬ 
nized  and  customary  functions  in 
the  detection,  amplification,  and  re¬ 
ception  of  radio  signals.  Other  stip¬ 
ulations  have  been  issued  relative 
to  the  cessation  of  price  manipula¬ 
tion. 

Munitions  Production.  Actual 
production  figures  for  communica¬ 
tion  and  electronic  equipment  from 
January  to  November,  plus  sched¬ 
uled  figures  from  December  show 
the  trend  charted  in  the  accompany- 


COMMUNICATION  AND  . 
ELECTRONIC  EQUIPMENT 


ing  illustration.  Total  for  1944 
equals  $4,293  million.  Schedule  for 
January  1945  is  $397  million. 

Lead-Sheath  Wire.  Limitations 
have  been  imposed  by  WPB  on  the 
amount  of  lead  that  may  be  used  as 
a  protective  sheath  in  the  manufac¬ 
ture  of  insulated  copper  wire  and 
cable.  Because  of  the  present  lead 
shortage,  no  producer  may  use  lead 
as  a  protection  for  wire  or  cable 
Unless  it  is  for  fire  alarm  and  traf¬ 
fic  control,  telephone  and  telegraph, 
railway  signal,  shipboard  cable,  or 
a  rating  of  more  than  2,000  volts. 
Quantitatively,  the  directive  limits 
the  manufacturer  to  the  use  during 
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Why  ANKOSEAL 

solves  cable  problems 

Ankoseal,  a  thermoplastic  insu¬ 
lation,  can  help  solve  many  elec¬ 
trical  engineering  problems, 
now  and  in  the  future.  Polyvinyl 
Ankoseal  possesses  notable 
flame-retarding  and  oil  resisting 
characteristics;  is  highly  resist¬ 
ant  to  acids,  alkalies,  sunlight, 
moisture,  and  most  solvents. 
Polyethylene  Ankoseal  is  out¬ 
standing  for  its  low  dielectric 
loss  in  high-frequency  transmis¬ 
sion.  Both  have  many  uses,  par¬ 
ticularly  in  the  radio  and  audio 
fields.  Ankoseal  cables  are  the 
result  of  extensive  laboratory  re¬ 
search  at  Ansonia — the  same 
laboratories  apply  engineering 
technique  in  the  solution  of 
cable  problems  of  all  types. 


CONfM UNICATION  -  WITHOUT  - 
WIRES — the  keynote  of  the 
nation’s  ability  to  wage  modern 
war — ^has  brought  in  its  train  a 
great  paradox:* A  need  for  more 
and  different  cables.  And  the  same 
needs  will  extend  into  the  post¬ 
war  world. 

In  the  solution  of  the  current 
problems  that  this  need  has  raised, 
we  at  Ansonia,  in  all  modesty, 
have  played  no  small  part.  Anko- 


To  other  government  agencies 
requiring  "fussy”  cable  jobs, 
Ansonia  offers  the  "Yankee  in¬ 
genuity”  which  has  enabled  this 
organization  to  meet  these  re¬ 
quirements —  accurately  and  on 
time.  And  to  business  men  now 
and  in  the  post-war  world, 
Ansonia,  through  its  Ankoseal 
thermoplastic  cables,  offers 
the  same  ability  to  meet  simi¬ 
lar  problems  to  their  satisfaction. 


TOWARD 


seal  polyvinyl  and  polyethylene  f||f  ANSONIA  ILECTRICAL  COMPANY 


cables  have  been  designed  -to 
meet  the  particular  needs  of 
our  Army  and  Navy  —  needs 
which,  of  course,  must  remain 


Specializing  in  "Ankoseal'*  a  Thermoplastic  Insulation 

ANSONIA  •  CONNEaiCUT 


A  Wholly-Owned  Subsidiary  of 

NOJVfA  ILECTRIC  CORPORATION 


seaet,  but  which  involve  using 
tngineering  techniques  in  the  solu¬ 
tion  of  the  problems  they  present. 


GENERAL  OFFICES  •  NEW  YORK,  N.  Y. 

— In  peacetime  makers  of  the  famous  Noma  Li^ts — the  greatest  name  in  dworative 
lighting.  Now,  manufacturers  of  fixed  mica  dielectric  capacitors  and  other  radio,  radar 
and  electronic  equipment. 
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-4-^  pgiwiint  4^  the 
amount  of  lead  used  during  the  cal¬ 
endar  year  1944  in  manufacturing 
these  products.  After  April  1  he 
may  use  during  any  calendar  quar¬ 
ter  25  percent  of  the  lead  used  in 
1944. 


^Source  of 


;  Developed  for 


Signal  Corps  Reorganization. 
Five  new  divisions  have  been  es¬ 
tablished  under  the  Engineering 
and  Technical  Service  of  the  Sig¬ 
nal  Corps.  They  are:  communica¬ 
tion  equipment  development  divi¬ 
sion  under  Col.  Herbert  G.  Messer; 
electronic  equipment  development 
division,  under  Lt.  Col.  Carl  S. 
Kleinau;  development  management 
division,  under  Maj.  Willard  A. 
Muir ;  equipment  coordination  divi¬ 
sion,  under  Lt.  Col.  Joseph  A.  Ma¬ 
honey  and  maintenance  division, 
under  Maj.  George  M.  Cooper. 

Frequency-Standard  Extension. 
An  extension  of  service  by  the  Na¬ 
tional  Bureau  of  Standards  results 
in  transmission  from  station  WWV 
of  a  15  Me  signal  at  night  as  well  as 
in  the  daytime.  Otherwise  un¬ 
changed,  the  services  include  stand¬ 
ard  radio  frequencies,  standard 
time  intervals  accurately  synchro¬ 
nized  with  basic  time  signals,  stand¬ 
ard  audio  frequencies,  and  stand¬ 
ard  musical  pitch— 440  cps.  Fre¬ 
quencies  used  are:  2.5,  5,  10  and 
16  Me  which  are  now  all  continuous 
night  and  day  except  the  first  which 
is  scheduled  from  7  pm  to  9  am 
EWT  or  2300  to  1300  GMT. 


MINGE:  50  to  6,000  Cycles  in  4  bands 

PJUfT:  250  Watts  Continuous  Duty  ^ 

IH)NTR0L  Single  dial,  direct  reading  '  -  .  t 

linear  scale  in  4  ranges— 

£  50-180;  170-600;  500-  ’  ’i 

p  1800;  1700-6000  cycles.  /  "  - 

^  FreqtiefMY  stobllity  of  the 

p  Ott.  1420  1$  better  them  2% 

^  oft^r  ir^l  worm-tfp.  Moxiimnii 

vV^  '  ‘  ■ 

11^;:  distortion  at  full  output  into 

^  resistive  IochI  b  10%.  Reguiotion  no*load 

:  to  full  load  within  4%.  Nominal  reguloted 

voltage  output  80-120-135-215-255 
^  or  270  volts.  Power  input  115  volts  60  cycles 

1200  wotts  single  phose. 
oBsatmive  nuturiN  sew  on  tsoum 


BUSINESS  NEWS 

American  Telephone  and  Tele¬ 
graph  Co.  has  announced  its  abil¬ 
ity  and  eagerness  to  supply  pro¬ 
gram  transmission  channels  to 
meet  the  present  and  future  re¬ 
quirements  of  f-m  broadcasters. 

Resistance  Welder  Manufactur¬ 
ers  Association  launches  a  pro¬ 
gram  of  cooperative  education  ac¬ 
tivity  on  the  subject  of  resistance 
welding.  Objective  will  be  to  en¬ 
courage  advances  in  design,  weld¬ 
ing  technique,  and  fabricating  pro¬ 
cedure. 

Fisher  Pierce  Co.  is  a  new  con¬ 
cern  established  at  62  Ceylon  St, 
Boston  21,  Mass,  to  produce  timers 
and  related  electronic  equipment. 

Associated  Electronics  Corp., 
consulting  engineers,  have  moved 


Communication 

Measurements 

Laboratory 

120  eREENWICH  ST.,  HEW  YORK  6,  N.Y 
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re  efficient 
in  miniature 


Wit  took  a  practiced  eye  and  a  steady 
hand  to  use 
scope.  In  contrast,  the  compact 
modern  binoculars  may  be  used  by 
anyone,  with  results  far  beyond  those  obtainable 
with  the  old  instrument.  Development  that  gains 
efficiency  while  reducing  size  is  an  indication  of 
modern  trend.  This  trend  is  seen  in  miniature  elec¬ 
tronic  tubes. 


have  been  possible  with  larger  tubes.  In  numerous 
other  instances  Tung-Sol  miniatures  are  doing  a 
better  job  than  large  tubes,  in  similar  circuits. 


mariner  s 


TUNG-SOL  is  not  only  a  dependable  source  of 
supply  for  electronic  tubes  of  all  types,  but  provide 
an  engineering  laboratory  service  as  well  to  aid  set 
manufacturers  in  planning  circuits  and  selecting 
tubes  for  more  efficient  operation.  All  consultations 
are  held  in  strictest  confidence. 


In  the  new  allocation  of  frequencies,  Tung-So1  fore-^ 
sees  great  possibilities  in  high  frequency  applica¬ 
tion  of  miniature  tubes  . . .  tubes  that  have  proved 
their  efficiency  in  military  service.  Advances  have 
been  made,  using  miniature  tubes,  that  would  not 


ELECTRONIC  TUBES 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

^Iso  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 
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to  new  and  larger  quarters  at  132 
Nassau  St.,  New  York  7,  N.  Y.  A 
new  department  is  added  for  the 
compilation  and  editing  of  techni¬ 
cal  manuals. 

Majestic  Records  Inc.  is  a  newly 
formed  major  subsidiary  of  the 
Majestic  Radio  and  Television 
Corp.,  Chicago,  'Ill.  Executive  of¬ 
fices  and  recording  studios  of  the 
new  company  will  be  at  29  West 
57th  St.,  Manhattan,  while  the  pro- 
duc^on  plant  and  general  offices 
will  be  in  Newark,  N.  J.  President 
of  the  new  record  corporation  is 


RICHARDSON  COMPANY 

.--.(MAUK  SfABMUSSWKM  N  ‘I  •il  POl  '  '  i  ►«  L)  .  r>t  i  A  S  (  ■  i  .  ^  N  N  A  1  i  i 

h  .  •  C.  >A  hIiiIDiS',  DfTWOlT.  M  .A‘.  ^ 

llfV»iASl)0»f  \  'V.i  ••  H.;  .  ■-.fVfiANfj  OMJO 


mk  \x 

-PROTECTIVE  FINISHES 


Insurok  T--640  out-performs  ordinary  laminates! 


So  far  as  we  know — there  is  no  lam¬ 
inated  phenolic  plastic  that  has  the 
low  moisture  absorption  of  Laminated 
INSUROK,  Grade  T-640!  Scientific 
laboratory  tests  show  it!  On-the-job 
performance  proves  it!  For  in  humid, 
tropical  climates  this  Richardson 
Precision  Plastic  is  daily  showing 
its  unique  ability  to  out-last  ordinary 
mater- als  with  or  without  protective 
finishes — in  spite  of  devastating,  ever¬ 
present  fungus  growths. 

In  addition,  INSUROK  T-640  has 
uniform  dielectric  and  mechanical 
charaaeristics,  and  can  be  fabricated. 
With  so  many  outstanding  features, 
it’s  no  wonder  INSUROK  T-640 
shows  up  with  increasing  regularity 
today  in  specifications  for  radar,  com¬ 
munications  transmitters,  receivers 
and  many  other  products  where 
moisture  absorption  must  be  cut  to  a 
minimum.  Get  the  full  story  now! 
Write  Richardson  Plasticians  today. 


TESTS  ON  T-640— SANDED  A  UNSANDED 

Mod*  at  Rkhcmlson  t4iborfrteriM 
Dm.  6,  1944 


STOCK  T-640  SANDED 
IhickMss  .0f7 

VtlitiU  0.34% 

tMitw*  Abi.  0.54% 

ExpARsioR  .0002 


NOT  SANDED 
.124 
0.29% 

0.31% 

.0002 


TESTS  AT  ROOM  CONDmONS 
Ptww  FRcttf  .0322  .0333 

Dltitctric  ContlRRi  4.41  *  4.09 

Lm  FrcIn  .149  .142 

Arc  Tcit  (Sk.)  130-12S-129-124-123  129-40-117-12-44 

TESTS  AT  90%  HUMIDITY  104®  F. 

PtvRr  Factsr  .0342  .0347 

OiRlKtric  CMttoRl  >.77  5.04 

Lost  Factor  .143  .174 

iRSOlOtiOR 

Iosistaaco122.000-9S, 000-122,000  98,000-142,000-122,000 
Avorogo  114,000  127,000 

Inowlotlon  roolotanca  was  dotorminod  using 
tapor  pins.  Sandod  and  unsandoV  samplas 
war*  obtainod  from  samo  factory  shoot. 


^necU4aHPla4t£e^ 


James  J.  Walker,  former  mayor  of 
New  York  City,  shown  in  the  illus¬ 
tration  with  Eugene  A.  Tracey, 
president  of  Majestic  Radio  and 
Eli  Oberstein,  executive  vice-presi¬ 
dent  of  the  New  York  operation. 

Espey  Mfg.  Co.  announces  that  its 
plant  is  ready  for  conversion  to 
television  production  in  72  houri 
from  the  time  parts  are  available. 

Belmont  Radio  Corp.,  Chicago,  Ill., 
and  Raytheon  Mfg.  Co.,  Newton, 
Mass.,  are  negotiating  a  merger. 

Hytron  Corp.,  Salem,  Mass,  pro¬ 
poses  to  double  its  working  capital 
in  anticipation  of  a  greatly  ex¬ 
panded  postwar  radio  tube  market 

Webster-Chicago  Corp.,  Chicago, 
Ill.,  has  purchased  Webster  Prod¬ 
ucts,  also  of  Chicago.  Facilities  and 
personnel  will  be  retained  intact 
and  will  operate  as  the  electronics 
division  of  the  parent  company. 

Westinghouse  Electric  &  Mfg. 
Co.  changes  the  name  of  its  radio 
division  to  industrial  electronics  di¬ 
vision,  while  its  former  radio  re¬ 
ceiver  division  becomes  the  home 
radio  division. 


Bendix  Radio  Division  of  Bendix 
Aviatioh  Corp.  uses  a  specially 
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Insteod  ~  ofRce  machines 
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ot  homo  yot 

^"d  hold  hoars  of  entartainn 

programs. 


in  on  instant 
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’*'•  '"irn  itsaff. 
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'■  faithful. 
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Mw-imFsmMs/ 


See  what  Lear  dealers  are  going  to  have  to  offer. 
Fine  radios  plus  the  Lear  Wire  Recorder — the 
newest  contribution  to  complete  home  *enter- 
tainment.  .  1 ,  >.*■ 

This  advertisement  sets  the  stage.  It  tells  the 
millions  of  people  waiting  for  new  radios  that  a 
new  thrill  will  come  with  Lear  Home  Radios. 
They’ll  be  anticipating  the  Lear  Wire  Recorder. 

If  you  would  like  to  be  able  to  offer  these  radios 
to  your  customers,  write  for  information  on  the 
Lear  Franchise. 


Want  mora  infomKition  on  Wirm  Rocci^ngf 


LEAR,  Incorporotsd  ^  *  *  *  * 

Hem*  Radio  Salat  DMtion,  230  Eatt  Ohio  Stroat,  Chicago  11,  lilinoit. 

OmSmsamt  .  * 

fit  Ota  toad  om  yttr  kaa  hoeirft#  on  Wkm  toe  t<  dbg  atfarad  at  toor  natinnad 
ningnriit  odvtrdthg. 


Firm  Namm 

-  ■ 

I 


jl-ECTRONICS  —  April  194S 


349 


booking 


iMo  cover  plo,es, 
Wciflcotions  for 
'nformoKon, 


ilT  fumes, 

’•  «  Have  wide  thermal 

fungus,  m)  CAii»o*«»*  ”  resistance. 

»•  "irTna  ^•■*'’ *” 

i„sut«  maximum  accep 

tlT‘smp'e  and  ^  imponanU^'iS 

Sperti  Hertne'^'^^^j'/'^^peciancy  ^''^^'J^re^to'day.  Outline 

SSr4>P"-t.:^rS«Vu  ho«  Spexd  Henmeoc 

yout  P'”’’'Sp  .OT  »'«  *'”• 

Seals  can  help  y 


INCORPORATED 
Cincinnati,  Ohio 


Armour  Research  Foundation 
adds  five  new  names  to  the  roster 
of  wire-recorder  licensees.  New 
participants  include  E.  H.  Scott 
Radio  Laboratories,  Chicago,  Ill.: 
J.  P.  Seeburg  Corp.,  Chicago,  HL; 
Lewyt  Corp.,  Brooklyn,  N.  Y.;  Re* 
diptechnic  Laboratory,  Evan8to% 
Ill. ;  and  '  Boosey  &  Hawkes  Ltd.» 
London,  England.  ' 

Polytechnic  Institute  of  Brook- 
Ijm  has  organized  a  separate  divi¬ 
sion  for  polymer  chemistry  under 
the  direction  of  Dr.  Herman  F. 


equipped  Lockheed  Lodestar  for 
daily  tests  of  performance  and  air¬ 
worthiness  of  its  products.  Time 
required  for  test  has  been  cut  by 
more  than  50  percent. 


Hallicrafters  Co.,  Chicago,  Ill., 
removes  its  foreign  division  to  new 
quarters  at  1791  Howard  St.  as  a 
step  in  greatly  enlarged  export  ac¬ 
tivities  after  the  war. 


Harco  Steel  Construction  Co., 
Elizabeth  4,  N.  J.,  has  available 
motion  picture  films  demonstrating 
the  high  speed  erection  of  radio  and 
other  structural  masts  and  towers. 


Aerovox  Corp.,  New  Bedford, 
Mass.,  changes  hands  and  a  new 
management  takes  over.  No  other 
company  in  the  capacitor  or  electri¬ 
cal  industry  is  involved,  stock  hav¬ 
ing  been  purchased  for  the  private 
investment  of  W.  Myron  Owen  and 
associates. 


Columbia  Machine  Works,  Brook¬ 
lyn,  N.  Y.,  principally  active  in 
Naval  electronics,  is  acquired  by 
Maguire  Industries — former  Auto- 
Ordnance  Corp.,  New  York,  N.  Y. 


New  York  University  announces 
new  evening  graduate  courses  in 
powder  metallurgy  in  the  graduate 
division  of  its  College  of  Engineer¬ 
ing. 


Brown  Instrument  Co.,  Philadel¬ 
phia,  Pa.,  adds  to  the  curriculum 
of  its  school  of  instrumentation 
free  courses  in  electronic  strip 
chart  and  humidity  control  instru¬ 
ments. 


Collins  Radio  Co.,  Cedar  Rapids, 
Iowa,  has  acquired  its  own  test  air¬ 
plane  and  is  planning  the  constrdc- 
tion  of  suitable  hangar  and  labora¬ 
tory  facilities  for  research  and  de¬ 
velopment  on  airborne  communicaF 
tion  and  navigation  equipment. 


RAYTHEON  VOLTAGE  STABILIZERS 

Provide  Stabilized  Voltage  J/2%  WITHIN  2  CYCLES 


All  precision  as  well  as  other  types  of  electrical  equip* 

ment  requires  steady,  uniform  voltage  for  accurate  1  11  I  I  I  I  I 

operation.  Raytheon  Voltage  Stabilizers  meet  this 

INHIT  iiy-r"' 

need  by  providing  accurately  controlled  voltage  to  Vf. 

Entirely  automatic  in  operation,  the  Raytheon  Voltage 

- -eNOlOAOUMV 

Stabilizer  requires  no  maintenance,  no  adjustments.  7^ - 1  -}  }  }  |  j  f 

A  ‘4* '  A  '  A  X ‘ 

Simply  incorporate  it  into  new  products  or  equipment  wurw 

already  in  use  and  it  will  take  care  of  itself  providing 

uniformly  stabilized  voltage.  ,  . 

t  31  ^  wiTAMCitoi  L  win! 

Raytheon  Voltage  Stabilizers  provide  these  ad*  OUTPUT.  |  -i 

V  8  e  5  ,n  [  _  '  ^ 

vantages:  Stabilize  voltage  at  any  load  within  their  INPUT  I 

ratings  . . ,  Hold  constant  varying  AC  input. voltage  to  voiTAOl  8 

(Typ«  V«4)  - y - n 

dc  of  1  %  —  within  2  cydes  . , Control  wide  AC  t  1  1  1  1  1  1 J,  I 

input  variation  — 95  to  130  volts.  Write  for  Bulletin  a. cm 

0148*537.  It  gives  the  complete  story. 

Win  h*  Roythaen  radio  program  1  "MEET  YOUR  NAVY,"  ovory  Salvrday  night  on  Iho  Sluo  Notwork.  Conrwii  your  local  nowrpopor 
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RAYTHEON 

MANUFACTURING  COMPANY 

flectfico  Eou'cmf-nt  DrvSiOf' 


Tho  covolod  Army-Navy  "E,  for 
Excollonco  in  tha  manwfactvro  of 
wor  oquipmont  and  tubas,  fliao 
ovor  all  four  Roythoon  Plonts 
wharo  ovar  16,000  man  and  worn* 
qn  ora  producing  for  .VICTORY. 


190  WILLOW  STREET,  WALTHAM,  MASS  _ 

Devoted  to  research  and  manufacture  of  complete  electronic  erjuipment  ;  receiviny..  transmittmf'  and  hearing  aid  tubes:  transformers;  and  voltage  stabiliters. 
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Marks.  The  division’s  research  pro¬ 
gram  involves  modern  techniques 
including  x-rays  and  radio-active 
isotopes. 

W.INCHARGER  CoRP.,  Sioux  City, 
Iowa,  has  acquired  the  Benjamin 
patent  No.  1,841,593  for  automatic 
phonog^rajph  record  changers. 

WestInghouse  Electric  &  Mfg. 
Co.  has  cfinducted  a  round-robin 
meeting^^esenting  electronics  to 
,compan|r|^gineer8  in  plants  at 
Baltimoi^^yfeloomfield,  and  East 
PittsburglKfe 

■■f  ^ 

University  of  California  is  spon¬ 
soring  a  no-fee  electronic  training 
course  for  members  of  the  Inter¬ 
national  Brotherhood  of  Electrical 
Workers.  Headed  by  James  L. 
Brown  of  General  Electric  Co.  as 
instructor,  the  course  is  held  at 
Los  Angeles,  Calif.  Another  class 
operated  by  the  Union  is  designed: 
to  prepare  members  for  FCC  licensf  i 
examinations. 

RCA  Victor  Co.  of  Canada,  Ltd. 
supplied  ten  radio  transmitters  to 
the  Chungking  government  for  use 
by  the  AVG  Flying  Tigers.  This- 
equipment  is  credited  with  having! 
carried  the  burden  of  American 
airforce  ground  communications  on 
that  Asiatic  battlefront  from  1941 
until  now. 

York  Research  Corp.,  New  York, 
N.  Y.,  forms  a  new  electronics  lab¬ 
oratory  at  63  Park  Row,  New  York. 
Facilities  are  headed  by  J.  Knox 
Tillotson. 


The  extensive  R-B-M  line  includes  a  wide  variety  of  relays, 
furnished  in  complete  voltage  ranges  and  contact  capacities 


PERSONNEL 

Ralph  A.  Hackbusch,  vice  presi¬ 
dent,  Stromberg-Carlson  Co.,  To- 


ordinarily  encountered  in  the  signal,  electronic,  and  commu¬ 
nication  fields.  For  further  information  write  Dept.  A-4 . . . 
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R-B-M  Manufacturing  Company 

division  of 

Essex  Wire  Corporation 

Logansport,  Indiana 


ronto,  is  elected  vice  president  of 
the  newly  organized  Canadian  Ra¬ 
dio  Technical  Planning  Board. 

E.  F.  Phlibsen  has  been  appointed 
chief  engineer  and  production  man¬ 
ager  of  Sorensen  &  Company,  Stam¬ 
ford,  Conn.,  manufacturer  of  air¬ 
borne  and  other  types  of  electronic 
equipment.  He  was  at  one  time  » 
member  of  Montgomery  Ward's 
engineering  staff,  has  recently  re- 
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national  receivers  are  in  service  throughout  the  world 
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turned  from  the  Aleutians,  where 
he^worke'd  for  the  Al&skan  Com¬ 
munication  Service  on  a  Civil  Serv¬ 
ice  basis. 

H.  A.  WiNNE,  vice  president,  be¬ 
comes  manager  of  engineering  of 
the  apparatus  department  of  Gen¬ 
eral  Electric  Co.,  Schenectady, 
N.  Y. 

Wilson  A.  Charbonneaux  leaves 
Burlington  Instrument’  Co.,  where 
he  was  chief  engineer  and  general 
manager,  to  take  the  post  of  man¬ 
ager  and  chief  engineer  at  Auto¬ 
matic  Control  Engineers,  Burling¬ 
ton,  Iowa. 

Dr.  E.  F.  W.  Alexanderson,  con¬ 
sulting  engineer,  General  Electric 
Co.,  is  presented  >,with  the  Ceder- 
gren  Gold  Medal^of  the  American 
Society  of  Swedish  Engineers,  New 
York,  N.  Y.  The  award,  made  by 


This  direct-reading  instrument  gives  convenient  means  for  checking 
vacuum  tube  inter-electrode  capacitance  and  for  other  low 
capacitance  measurements.  Its  stability  suits  it  to  continuous  pro¬ 
duction  testing  as  well  as  to  intermittent  laboratory  service.  The 
experience  record  of  users  shows  that  m'easurements  can  be 
reproduced  over  long  periods;  accuracy  of  5%  absolute  is  guaran¬ 
teed.  Data  on  the  operation  of  this  versatile  instrument,  with 
application  notes,  are  given  in  Engineering  Bulletin  T-445, 
free  on  request. 


TECHNICAL  APPARATUS  CO. 

1171  TREMONT  ST.,  BOSTON,  MASS.,  U.  S.  A. 


the  Swedish  consul,  Martin  Kasten- 
gren,  was  characterized  as  a  trib¬ 
ute  not  only  to  a  scientist  but  to  a 
creator  of  good  will  and  closer  con¬ 
tacts  between  two  democratic  na¬ 
tions. 

George  W.  Bailey  is  elected  execu¬ 
tive  secretary  of  IRE.  Presently 
chief  of  the  scientific  personnel  of¬ 
fice  of  OSRD,  he  will  continue  in 
that  activity  for  the  duration.  He 
is  also  president  of  ARRL  and  of 
lARU. 

I 

Bennett  S.  Ellefson  becomes  as¬ 
sistant  to  the  vice  president  in 
charge  of  engineering  at  Sylvania 
Electric  Products,  Inc.,  Bayside, 


Five-step  decaJe 
multiplier  gives  full- 
scale  ranges  .01  to  100  mmfd. 


Wide-range  calibration 
control  permits  choice  of 
full-scale  ranges  from 
50%  to  200%  of  normal. 
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A  HEAVY  WIRING  HARNESS 

by  a  Wire  Hlamihuturer 


■N  lUSINESS 


SINCE  1904 


helps  solve  your  manpower  problem 

Use  Lenz  Laced  Wiring  Harnesses,  constructed  of  approved  types  of  color 
coded  insulation  to  speed  up  your  assembly  operations,  and  release  manpower 
for  other  work  on  the  assembly  line. 

The  Lenz  organization,  manufacturers  of  radio  and  instrument  hookup, 
has  the  experienced  personnel  that  can  produce  these  harnesses  with 
meticulous  care  and  regard  for  precision,  to  meet  your  exact  specifications. 
Quotations  will  be  gladly  furnished  on  receipt  of  sketch  and  specifications. 

LENZ  ELECTRIC  MANUFACTURING  CO. 

1761  North  Western  Avenue  •  Chicago  47,  Illinois 
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when  they  offer  thee  a  heifer, 
run  with  a  halter 


.  . .  .  and,  these  days,  if  and  when  any- 
one  offers  you  Macallen  Mica,  grab  it 
quick.  Because  Macallen  Mica  has  main¬ 
tained  highest  standards  of  dependabil¬ 
ity  for  more  than  50  years,  it  is  natural 
that  it  should  be  so  generally  specified 
for  the  machines  and  instruments  of  war. 


L.  I.  He  has  been  connected  with 
the  company  since  1937. 

Virgil  M.  Graham  of  the  RMA  En¬ 
gineering  Department  is  alternate 
representative  of  the  association 
on  the  governing  council  of  ASA. 

L.  C.  F.  Horle,  manager  of  the 
RMA  Data  Bureau,  has  been  des¬ 
ignated  to  represent  the  associa¬ 
tion  on  the  governing  council  of 
ASA. 

Howard  J.  Beck  is  made  chief  en¬ 
gineer  in  the  broadcasting  division 
of  Farnsworth  Television  &  Radio 


Ck)rp.,  including  radio  station  WGL. 
Mr.  Beck  was  formerly  chief  in¬ 
spector  at  the  company’s  Fort 
Wayne,  Ind.,  plant. 

Ray  C.  Ellis,  formerly  director  of 
the  WPB  radio  and  radar  division 
has  been  lent  by  General  Motors 
Corp.  to  Johns  Hopkins  applied 
physics  laboratory.  Silver  Spring, 
Md. 

AWARDS 

Workers  of  the  following  con¬ 
cerns  in  the  electronic  field  have 
been  awarded  Army-Navy  E  bur¬ 
gees  for  excellence  in  production: 

-  Andrea  Radio  Corp. 

Long  Island  City,  N.  Y. 

Bendix  Aviation  Corp., 
Pacific  Div. 

North  Hollywood,  Calif. 

Freed  Radio  Corp. 

New  York,  N.  Y. 

Harvey-Wells  Electronics  Inc. 

Southbridge,  Mass. 

Muter  Co. 

Chicago,  Hi. 

Pacific  Sound  Equipment  Co. 

Hollywood,  Calif. 

Regal  Electronics  Corp. 

New  York,  N.  Y. 

Sperry  Gyroscope  Co. 

.  Brooklyn,  N.  Y. 

United  States  Instrument 
Corp. 

East  Orange,  N.  J. 
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200>CU  ^  NEW  60-AU 

60^  400-2600 

SAME  POWER  RATING 


UNIT  BRUSH  — REPLACED  IN 
A  FEW  SECONDS  . 


DESIGNED  for  an  increasing  number  of  applications 
requiring  the  control  of  power  at  frequencies  higher 
than  60  cycles,  this  new  VARIAC  meets  the  need 
for  a  unit  for  frequencies  between  400  and  2600 
cycles.  It  is  a  companion  to  the  widely  used  Type 
200-C  having  substantially  the  same  power  rating 
.  .  .  860  va;  with  a  load  current  of  5  amperes,  rated, 
and  a  maximum  current  of  7.5  amperes  near  zero 
and  line  voltages. 

A  number  of  new  mechanical  features  are  incorpo¬ 
rated  in  the  Type  60- A  VARIAC.  Included  are: 

•  New  unit  brush  construction  requiring 
no  tools  for  brush  replacement  and 
designed  to  prevent  contact  between 
brush  holder  and  winding  when  the  brush 
wears  away. 

•  Positive  rotor  contact  with  NO  pigtail 

•  Combination  screw  and  solder  terminals 

•  Fully  insulated  hollow  steel  shaft 

•  Improved  bearings,  suitable  for  motor 
drive. 

As  seen  in  the  photograph,  the  Type  60-A  VARIAC 
is  considerably  smaller  than  its  60-cycle  counterpart. 
The  Type  60- AU  is  priced  at  $13.00  and  the  60- AM 
at  $15.00.  *v 

Because  all  VARIAC  production  is  scheduled  months 
in  advance  on  high  prlqir<tty  war  orders  for  60-cycle 
models,  these  new  VARMCS  are  ndw  available  only 
in  sample  quantities. 

•  WRITE  FOR  BULLETIN  920 
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NEW  PRODUCTS 

Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 


Measuring  Devices 

Data  is  now  available  on  several 
types  of  measuring  instruments 
manufactured  by  Measurements 
Corporation  of  Boonton,  N.  J. 

The  first  instrument  is  Model  5M 
moisture  detector  which  is  equipped 
with  a  Model  4E  electrode,  and 
which  measures  the  moisture  con¬ 
tent  of  wood  and  wooden  products 
from  8  to  24  percent  of  dry  weight. 


5M4E  moUtur*  d*t«ctor 


The  meter  is  an  electronic  ohm- 
meter  which  operates  on  the  resist¬ 
ance  principle.  To  measure  the 
moisture  content,  the  four-pin  elec¬ 
trode  is  hammered  into  the  object. 
An  indicator  lamp  flashes  when  the 
dial  is  turned  to  moisture '  content 
of  wood.  Power  for  operation  is 
supplied  by  seif-«ontaihed -A  and.B 
batteries.  An  adjustment  knob  is 
used  to  compensate  for  change  of 
battery  voltag?.  Selection  of  wet 
stock  from  dry  stock  is  quickly 
accomplished. 

Model  58  u-h-f  radio  noise  and 
field  strength  meter  may  be  used  in 
the  fields  of  television,  frequency 
modulation,  diathermy  interfer¬ 
ence,  ignition  noise  measurements, 
facsimile  on  any  u-h-f  ‘  carrier 
within  the  range  of  the  instrument 
in  amplitude  modulation  or  fac¬ 
simile.  Specifications  of  the  meter 


Modal  58  uhi  motor 


are :  15  to  150  Me  in  five  bands  (dial 
is  directly  calibrated  in  mega¬ 
cycles)  ;  1  to  100,000  microvolts 
measured  across  a  70-ohm  line;  1  to 
100  microvolts  on  a  semi-logarith- 
mic  output  scale;  balanced  resist¬ 
ance  attenuator  with  ratios  of  10, 
100,  and  1000  ahead  of  all  tubes; 
accurate  gain  standardization  from 
internal  shot-noise  diode;  a  special 
calibration  dial  which  eliminates 
need  for  charts;  a  tuned  r-f  ampli¬ 
fier  eliminates  image  response  (all 
circuits  are  accurately  tracked) ; 
provision  for  direct  operation  of  a 
5-milliamp  recorder ;  push-button 
switching  throughout  for  rapid  op¬ 
eration;  and  a  built-in  regulated 
dual  power  supply  for  operation 
from  either  115-v  ac  or  6-v  dc. 

Three  standard  signal  generators 
include  Model  65-B  Laboratory 
Standard,  Model  80  and  Model  84 
u-h-f  instrument.  Model  65-B  util¬ 
izes  a  transmission  line  output  sys¬ 
tem  for  eliminating  lead  resonance 


Modal  80  stemdord  signal  ganarotor 


errors.  Frequency  range  of  this  in¬ 
strument  is  rated  75  kc  to  30  Me  in 
6  push-botton  selected  ranges.  Out¬ 
put  voltage  is  continuously  variable 
from  0.1  microvolt  to  2.2  volts.  Out¬ 
put  impedance  is  5  ohms  at  0.2 
volts,  rising  to  15  ohms  at  2.2  volts. 

Tenative  specifications  of  Model 
80  standard  signal  generator  are: 
Carrier  frequency  range  2  to  400 
Me;  individually  calibrated  dial 
with  6  overlapping  bands;  an  auto¬ 
matic  range  indicator  which  elimi¬ 
nates  errors  in  the  selection  of  cor¬ 
rect  frequency  scale ;  output  is  con¬ 
tinuously  variable  from  0.0  to 
100,000  microvolts;  Output  imped¬ 
ance  is  fixed  at  50  ohms ;  amplitude 
modulation  is  provided  from  400  or 
1,000  cycles  or  for  external  audio 
modulation;  a  video  modulation 
jack  is  provided  for  connecting  an 
external  pulse  generator  directly  to 
the  oscillator  plate  circuit.  Pulses 
of  1  microsecond  can  be  obtained 
at  higher  carrier  frequencies. 


Model  84  uhf  generertor 


Tentative  specifications  of  Model 
84  u-h-f  standard  signal  generator 
are:  Carrier  frequency  range,  300- 
1000  Me.  Modulation — for  am, 
choice  of  400,  1000  or  2500  cycle  in¬ 
ternal  •'  and  external  up  to  30  kc. 
Percent  modulation  is  directly  indi¬ 
cated  up  to  30  percent ;  pulse  repeti¬ 
tion  rate  is  continuously  variable, 
from  50  to  100,000  cps  in  three 
ranges ;  pulse  width  is  continuously 
variable  and  calibrated  from  1  to 
50  microseconds;  pulse  delay  (with 
respect  to  synchronizing  output)  is 
continuously  variable  and  cali¬ 
brated  from  0  to  50  microseconds. 

Portable  Electric  Megaphone 

Approved  by  the  Merchant  Marine 
Inspection  and  U.  S.  Coast  Guard, 
Model  100  T3T)e  M  megaphone 
makes  communications  over  a  great 
distance  possible  by  the  use  of  elec¬ 
tronic  amplification.  The  mega¬ 
phone  consists  of  two  units :  a  com- 
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BM-9725*  disk  \ 


3G443  bock 
for  bfnder 


•AYRU  cut 
for  midtolo 


KAYGREY  jewel 
box  pieces 


[ROYAlGREYinsulofor 
for  transformer 


3G3T6  os 
waste  basket 


XM-15000E  cop 
for  canteen 


PROBABLY  every  time  you  use  the  tele* 
phone  you  use  another  ROGERS*BORD. 
ior  most  telephone  handsets  use  this  mate- 
tiol  —  identified  as  BAKELITE  molding 
plastic  BM-9725 — for  the  mouthpiece  or  for 
•lengthening  the  main  molded  structure. 

ROGERS  makes  '  numerous  other  multi¬ 
purpose  BORDS  by  the  ROGERS  PROCESS 
of  wet-laminating  cellulose  fibers  in  various 
formulations.  Molding  BORDS  are  handled 
on  conventional  molding  presses.  All  others 
oun  be  formed,  drawn,  shaped  and  pimched 
^tb  a  single  stroke  of  a  punch  press  — 
Nady  for  rise  without  curing,  or  they  may 
bo  ttibsequently  treated  or  painted. 

Tbe  resultant  products  will  support  a 


man's  weight  and  ore  naturally  economical. 
The  Fabricating  Division  of  ROGERS  is 
equipped  to  handle  all  punch  press,  draw¬ 
ing-  and  stamping  work,  including  die  mak¬ 
ing.  ROGERS  does  no  plastic  molding. 

You  probably  already  use  a  ROGERS* 
BORD  every  time  you  lift  a  telephone.  You 
may  profit  by  making  your  next  call  one 
lor  more  data  on  ROGERS-BORDS.  Writm 
ior  thm  ROQERS-BORD  SAMPLE  BOX, 
containing  nummrouM  fabricatod  partg 
and  gamplcB  oi  materiala, 

ROGERS  CORPORATION 

Formerly 

The  Rogers  Paper  Manulacturinq  Co. 

107  Mill  St  ^tcmchester.  Conn. 


This  ROGERS  PROCESS  blend  of  phenolic 
resin  and  cellulose  iibers,  made  exclu¬ 
sively  lor  the  BAKELITE  Corporation, 
comes  in  .sheet,  blanked  or  diced  forms. 
It  is  a  medium  high  impact  thermoset- 
ting  plastic  . . .  another  ROGERS-BORD. 


Manufacturers  and  fabricators  of  special  fibrous  and  plastic  matbriali 
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Well  Pay  Half  the  Cost! 

IjJ  I  Emergency  Service 
ff~||  scores  again!  Now, 
well  deliver  overnight 
by  air  express  ^inywhere  in  the 
U.S.A.!  Just  ask  for  AIR  EX- 
PRESS  Shipment  when  you 
order  items  of  unusual  ur¬ 
gency.  We’ll  pay  half  the  ex¬ 
press  charges  on  any  emer¬ 
gency  shipment  weighing  not 
over  three  pounds! 

High  speed,  coast-to-coast  overnight 
deliveries  are  giving  Industry  every¬ 
where  an  entirely  new  conception  of 
emergen^’  service  on  Radio  and 
Electronic  Supplies.  Industries, 
driving  hard  on  vital  research  or 
production,  save  time  and  trouble; 
maintain  tight  schedules  hy  relying 
on  W-J. 


Write  today  for  ta¬ 
ble  of  air  express 
rates  and  the  new 
W  -  J  Radio  and 
Electronic  Equip¬ 
ment  Book  that  i 
lists  many  prod-  i 
nets  never  cata-  I 
loged  before!  ^ 

FILL  IN  AND  MAIL 
COUPON,  TODAY! 


WALKER-JIMIESON,  INC. 

311  S.  WESTERN  AVE.,  CHICAGO  12 

PHOt-lf  CArJAL  2625 


G^^TLEMEN:  Please  send  me  s  free  copy 
of  your  Reference  Book  Sc  Buyer’s  Ciuide. 


ZONE _ STATE. 


bination  microphone  and  loud¬ 
speaker  equipped  with  a  pistol 
grip,  squeeze-to-talk,  switch  and  a 
strap  permitting  the  unit  to  be 
suspended  from  the  neck  or  shoul¬ 
der  of  the  user;  and  a  battery- 
powered  amplifier  which  is  also 
equipped  with  a  carrying  strap. 
Both  units  are  connected  by  a  6-ft. 
heavy-duty  electric  cord.  The  am¬ 
plifier  weighs  8  lb  and  2  oz  and 
measures  x  7i  x  4^  in.  The  mega¬ 
phone  weighs  6  lb  and  12  oz  and 
measures  13i  x  lOi  in.  Units  are 
splashproof  and  shockproof. 

Hose-McCann  Products  Co.,  177 
Pacific  St.,  Brooklyn  2,  N.  Y. 

Sherron  Electronic 
Instruments 

Some  types  op  equipment  manufac¬ 
tured  by  Sherron  Electronics  Com¬ 
pany  (1201  Flushing  Ave.,  Brook¬ 
lyn  6,  N.  Y.)  may  be  described  as 
follows : 

Model  SEl  is  a  cathode  ray  null 
detector  designed  for  all  a-c  bridge 
measurements  and  for  use  in  pro¬ 
duction  applications.  The  unit  is 
both  a  high  impedance  detector  and 
an  undistorted,  filtered  and  shielded 


DON’T  LET 
YOUR  ELECTRONIC 
NEEDS  BE 
A  PUZZLE... 


wmmmmk 


Whether  it  be  electronic  controls 
or  assemblies — either  as  part  of 
your  product,  or  as  part  of  your 
production  equipment  —  BELL 
may  have  the  answer!  Wide  ex¬ 
perience  in  designing  and  build¬ 
ing  electronic  equipment  —  from 
early  developments  right  through 
to  the  latest  war-vital  types — 
qualifies  BELL  to  serve  you. 
Write,  there  is  no  obligation. 

Among  our  present  products  are 
•  Electronic  Sound  Devices  •  Inter¬ 
communicating  Systems  •  Industrial 
Voice-Paging  and  Broadcasting  Equip¬ 
ment  •  Permanent  and  Portable  Am¬ 
plifying  Systems  •  Recording  vnd 
Disc-Playing  Units  •  Electronic  Con¬ 
trols  •  Operating  Se¬ 
quence  Recorders  * 

Other  Special  Elec- 
tronic  Devices.  Nspatf 


BELL  SOUND  SYSTEAAS,  MC 

11t9  Essex  Ave.  CehiMbes  3,  Okie 

Eiptrt  0».  4900  Euclid  A»«..  Omland  3,  OSit 
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FOR  YOUR  NEWLY  DESIGNED  Transmitting  and 
Electronic  Heating  Equipment  Use 

RADIOS 

VACUUM  ILECTRONIC  COMPONENTS 

6  to  250  mmfds.  ^  ^  ^  ^  ^ _ _ ^  ^ 

HIGH  VACUUM  CAPACITORS 

20  to  60  amps.  •  20kv  to  32kv 


AOVANTAQ^St 


1.  Relatively  small  physical  size. 

2.  Electrical  characteristics  inde¬ 
pendent  of  atmospheric  pressure 
and  humidity. 

3.  No  dielectric  losses. 


7.  Low  distributed  capacity. 

8.  High  current  carrying  capacity  at 
high  voltage. 

9.  Unlimited  life  expectancy. 


X  - ,  10.  Universal  adapubility 

4.  No  ceramic  or  internal  insulator.  _  .  .  . 


5.  Ferrule  type  mounting. 

6.  Zero  power  factor  at  most  fre¬ 
quencies. 


1 1.  Rugged  mechanical  construction. 

12.  Comparatively  light  weight. 

13.  No  cold  emmission. 


JEMMINOS  AADIO  tAAMUfACTUKIMQ  COmPAMY 

1098  EAST  WILLIAM  STREET,  SAN  JOSE  12.  CALIFORNIA 
Photograph  shows  final  fasts  of  Jonnings  High  Vacuum  Capacitors 


i 
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16000  Series 

Transmitting  Condensers 

A  iww  inwnbar  of  Hio  "Dosignod  for  Appli* 
coMon”  Mrio*  of  trontmilMiig  vorioblo  ok 
copocMor*  U  Mio  16000  loriot  wHh  pook 
voHogo  roNng*  of  3000,  6000,  and  9000 
voH*.  Sturdy  construction,  thick,  round- 
odgod,  poiithod  oiuminum  ptolo*  vrilh  1%" 
radius.  Constant  impodonco,  hoovy  curronl, 
mullipio  flngor  rotor  contactor  of  now  dosign. 
Avaiioblo  in  oil  normal  copocitios  in  singlo 
and  doublo  soctions. 


JAMES  MILLEN 
MFG.  CO.,  INC. 

MAIN  OtFICf  AND  FACTOtY 

MALDEN 

MASSACHUSETTS 


source  of  1000  cps.  Comparison  of 
frequencies  is  obtained  by  the  use 
of  Lissajous  figures.  Gain  is  80  db 
at  an  input  voltage  of  100  micro¬ 
volts.  Bridge  detector  impedance  is 
1  megohm.  The  instrument  is  self 
protected  against  overload  or  dam¬ 
age.  Automatic  gain  control  elimi¬ 
nates  the  necessity  of  resetting 
while  adjusting  the  bridge  balance. 

As  an  auxiliary  to  a-c  bridge 
measurements  a  standard  null  de¬ 
tector  is  available.  This  unit  gives 


an  appreciable  deflection  with  an 
input  of  0.01  volt.  An  input  of 
32  volts  will  not  cause  the  meter  to 
swing  off  scale.  These  detectors  are 
equipped  with  a  1000-cycle  source 
of  sufficient  level  to  operate  any 
standard  bridge,  and  a  filter  circuit 
to  insure  that  only  the  desired  fre¬ 
quency  is  activating  the  indicating 
meter.  Arrangements  are  provided 
to  disconnect  both  the  internal  tone 
source  and  filter  circuit. 

Model  SE-10  precision  tolerance 
bridge  is  accurate  to  0.1  percent. 


The  unit  has  an  electronic  visual 
gauge  which  can  be  used  as  an  in¬ 
spection  tool  to  safeguard  against 
faulty  components;  or  it  may  be 
used  as  an  automatic  filter  to  grade 
components  for  their  individual 
tolerance.  The  unit  checks  a-c  re¬ 
sistance  and  impedance,  capacitance 
and  inductance.  Tests  are  made 
automatically.  Instead  of  meter 
readings,  rejects  are  indicated  vis¬ 
ually  and  audibly. 

Model  SE-20  is  a  production  test 
set  which  will  automatically  test 
720  vacuum  tub.es  per  hour.  The 
unit  has  complete  adjustable  con^ 
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•  ELEICTRONICS  is  looking  for 
a  field  editor. 

•  Working  out  of  our  district  of¬ 
fice  in  Chicago,  following  an  ori¬ 
entation  period  in  New  York,  it 
will  be  his  job  to  represent  the 
magazine  editorially  in  the  mid¬ 
dle-west.  This  will  primarily  in¬ 
volve  encouraging  technicians  to 
prepare  articles  for  us,  helping 
them  when  necessary,  doing  some 
original  writing,  and  general  re¬ 
porting  about  meetings  and  other 
(>ertinent  activities  in  the  area. 

•  The  man  we  want  must  be  an 
engineer  fully  familiar  with  elec¬ 
tron  tubes  and  the  circuits  in 
which  they  are  used,  both  com- 
mimications  and  industrial.  He 
should  have,  or  be  able  to  readily 
develop,  equal  facility  in  dealing 
with  equipment  design  and  pro¬ 
duction  engineers,  and  with  the 
ultimate  users  of  such  equip¬ 
ment.  He  should,  for  example, 
feel  as  much  at  home  in  a  ma¬ 
chine  shop  as  in  an  experimental 
laboratory,  as  much  at  ease  in  a 
broadcast  station  as  in  a  plant 
building  transmitters. 

•  Knowledge  of  sensitive  meas¬ 
urement,  control,  inspection  and 
safety  devices  other  than  elec¬ 
tronic  will  be  considered  an  ad¬ 
ditional  asset. 

•  If  you  think  -you  are  the  kind 
of  a  man  we  need,  and  we  ap¬ 
pear  to  have  the  kind  of  a  job 
you  want,  write,  stating  qualifi¬ 
cations  and  expectations,  to 


Keith  Henney,  Editor 


electronics 

•  McGraw-Hill  Publishing  Co.,  Inc. 
330  West  42nd  Street 
New  York  18,  New  York 
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Portrait  of  a  man  who 
no  longer  cares  about 
the  cigarette  shortage, 
the  meat  shortage ...  or 


gas  shortage! 

just  a  question  of  time  when  all  We,  the  management  and  employees 
^rtoges  will  be  replaced  by  plenty  alike,  at  Kenyon,  are  building  better 
'I'tlianks  to  this  boy  and  to  millions  transfornyers  than  we  ever  built 


liks  him. 

Give  them  a  helping  hand. 
Buy  Bonds  —  Donate  Blood. 


before  — and  building  them  faster 
for  the  armed  forces. 


THE  MAM  OF 


EXCELLENCE 
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KENYON  TRANSFORMER  CO.,  Inc. 


840  BARRY  STREET 
NEW  YORK,  U.  S.  A. 


trols  and  uses  a  “go-no-go”  indicat¬ 
ing  light  test  system  which  means 
that  if  any  tube  falls  below  a  de¬ 
sired  range,  or  Joes  not  meet  speci¬ 
fication  as  set  on  the  instrument, 
the  test  set  will  stop  automatically, 
and  will  not  continue  with  tests  un¬ 
til  the  rejected  tube  is  removed 
from  the  test  socket. 


Ground  Resistance  Tester 

Designated  as  Model  255  Vibro- 
ground,  this  tester  is  for  use  in  ex¬ 
tremes  of  wet  and  dry  conditions.; 
It  has  four  ranges  (0-3,  0-30,  0-300^ 
and  0-3000  ohms),  a  self-contained 
power  supply,  is  direct  reading  and 
requires  no  calculations  and  no 
cranking  operation.  The  unit  is 


have  gone  to  war... 


ENF  RIGID 


We'rv  referring  to  Cardwell  Flexible  and  Rigid  Insulated  Couplings  for  ISOLAT¬ 
ING  "hot"  radio  frequency  controls.  There's  a  whole  family  of  them  in  addition 
to  the  custom-built  ones  shown  here. 


Cardwell  "ISOLATIONISTS"  are  an  ubiquitous  lot.  You  will  find  them  in  every 
battle  zone  where  America's  finest  communication  equipment  is  utilized  for  Victory. 

Are  you,  too,  making  full  use  of  these  high  QUALITY  components?  If  not,  talk 
your  insulated  control  problems  over  with  Cardwell.  Inquiries  answered  promptly. 


lightweight  and  portable,  and  comes 
in  a  one-piece  welded  metal  case 
which  is  water-tight  and  which  ex¬ 
cludes  strays  from  all  sources.  A 
triple  range  Vibroground,  Model 
251,  for  average  ground  conditions 
is  also  available. 

Associated  Research  Inc.,  231  S. 
Green  St.,  Chicago  7,  Ill. 


Medef  755 


VIRRAAVnilMe 


CARDWELL  ^  CONDENSERS 

THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORPORATION 

81  PROSPECT  STREET  BROOKLYN  1,  N  Y. 


::  ::v:  :  . . .  donate  a  pint  of  hood  to  the  red  cross 
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Send  for  Bulletins  149  LE  and  163  LE 


SUPERIOR  ELECTRIC  COMPANY 

403  LAUREL  STREET.  BRISTOL,  CONNECTICUT 


QUALITY- 

control- 


etc. 


RESEARCH 

PRODUCT- 
TEST  I  MO 

HEAT  RISE 

LlfE  CYCLE 


In  presenting  this  new  and  unique  instrument,  SECO  o£fers  a. 
portable  source  of  variable  a-c  voltage  for  the  laboratory,  assembly 
line,  or  maintenance  shop.  There  is  no  bother  or  delay  in  collecting 
and  setting-up  separate  instruments.  Included  in  the  light-weight 
and  compact  VOLTBOX  are  all  the  essentials  and  more.  Besides  a 
POWERSTAT  variable  transformer  to  obtain  the  required  voltage 
and  a  1%  voltmeter  to  accurately  set  the  output  —  other  features  in¬ 
corporated  are  an  "on-off”  switch,  dial  light,  output  receptacles, 
binding  posts,  and  an  input  cord  and  plug. 

By  connecting  the  VOLTBOX  shown  above  to  a  convenient  115  volt 
outlet,  an  output  variable  from  0-135  volts  is  available.  Its  current 
rating  is  7.5  amperes.  Other  types  are  manufactured  for  230  volt 
operation. 

We  invite  your  inquiries. 


37f 
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It*s  squarely  up  to  us  at  home  to  finance  the 
weapons  of  war  as  well  as  to  build  them.  This 
is  America’s  challenge.  Here  at  ADC,  we  are 
exerting  our  energies  to  produce  the  finest 
communication  components  — and  invest  in  as 
many  War  Bonds  as  possible.  Believing  that 
most  Americans  share  our  thoughts,  we  ask 
you  to  join  us  in  this  pledge  —  "Let  us  all 
continue  purchasing  War  Bonds  to  the  limit 
and  bring  our  boys  home  sooner  to  a  peaceful 
and  economically  sound  country". 


sulated  materials  from  wearing  off. 
Clips  are  non-corrosive,  non-con- 
ductive,  light  in  weight,  strong  and 
resistant  to  acids,  alkalies  and  oils. 
They  are  fabricated  with  LT  Etho- 
cel,  a  thermoplastic  developed  by 
Dow  to  provide  toughness,  shock 
resistance  at  low  temperatures,  and 
low  dimensional  change  over  a  wide 
range  of  atmospheric  conditions. 

Commercial  Plastics  Co.,  fabri¬ 
cates  these  clips.  Write  Dow  Chem¬ 
ical  Co.,  Midland,  Mich. 

Small  Dynamotors 

A  SERIES  OP  SMALL  djmamotors  are 
designated  as  Multi-Output  Micro- 
Magmotors  which  will  be  available 
in  quantities  after  the  war.  These 
motors  have  a  permanent  magnet 
field  and  furnish  outputs  totaling 
up  to  100  w.  This  wattage  can  be 
divided  over  two  or  even  three  dif- 
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utilized.  Extruded  brass  rods  (3  in. 
long)  are  used  instead  of  threaded 
steel.  The  brass  rod  can  be  cut  to 
the  desired  length,  and  the  fins  can 
be  slotted  to  the  exact  depth  of  the 
original  control  without  removal  of 
the  tip.  Radiohms  affected  by  this 
pre-war  construction  process  are 
CRL  part  numbers  NK-136  to  NK- 
144  inclusive,  and  NK-172  to  NK- 
174  inclusive. 

Centralab  Div.,  Globe  Union  Inc., 
900  E.  Keefe  Ave.,  Milwaukee  1, 
Wis. 


Cable  and  Wire  Clips 

Plastic  cable  clips  (illustrated) 
are  now  on  a  production  basis  and 
are  available  in  a  variety  of  sizes 
for  use  as  fasteners  for  wires  and 
cables.  A  feature  of  these  clips  it 
the  rolled  edges  of  their  design  and 
the  abrasion-free  nature  of  the 
plastic  surface  which  prevents  in- 


CE-304 

In  the  Cetron  CE-304  tube  shown  here. 
Continental  Electric  Company  engineers 
hove  reached  a  new  high  In  concentrat¬ 
ing  super-efficiency  in  the  smallest  pos¬ 
sible  space. 

CE-304  is  a  mercury  vapor  filled  tube 
with  a  peak  current  rating  of  125  am¬ 
peres  and  an  average  current  rating  of 
12.5  amperes  DC.  This  high  current  thy- 
ratron-type  tube  is  designed  to  be  par¬ 
ticularly  useful  in  welding  control  and 
motor  control  applications. 

CE-304  uses  industrial  type  4-pin  base; 
is  sturdily  constructed.  Patented  filament 
design  gives  exceptionally  high  output 
with  minimum  of  cathode  power. 

CE-304  is  built  to  give  long  life  in  all 
sorts  of  industrial  and  other  applications 
where  dependability  is  an  important 
consideration. 


Write  for  lefletle  No.  119 

CONTINENTAL  ELECTRIC  CO. 

GENEVA,  ILL. 


Chkeeo:  903  MmtcImihIIm  Mart  .  .  . 

N«w  Varfc:  2SS  W.  14lfc  St. 
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KESIER 


Donf  Risk  Solder  Failure 
Because  of  WRnNfi  fi  iiy 


ferent  voltages,  also,  one  of  the 
outputs  can  be  ac.  A  typical  unit 
(perhaps  for  mobile  transmitter- 
receiver)  would  be  one  with  a  350- 
V,  50-milliamp  output,  a  250-v,  26- 
milliamp  output,  and  a  6.3-v  ac 
(lOOicps),  2-amp  output.  The  6.3- 
volt  a-c  and  the  250-volt  d-c  outputs 
can  be  used  continuously  while  the 
250-v  output  is  for  intermittent 
duty.  Units  are  compact  and  light 
in  weight. 

Carter  Motor  Co.,  1608  Milwau¬ 
kee  Ave.,  Chicago,  Ill. 


Variable  Inductor  and  Filters 

United  Transformer  Co.,  150 
Varick  St.,  New  York  13,  N.  Y.,  an¬ 
nounces  two  new  products.  The  first 
of  these  is  a  variable  inductor 
(Series  Vl-C)  which  is  a  tunable 
device  for  peaked  amplifiers,  filters, 
etc.  This  sealed  unit  measures 
li  X  lA  X  lA  in.  It  is  available  in 
inductance  values  from  10  milli¬ 
henries  to  10  henries. 

High  pass  (HP-1)  and  low  pass 
(LP-1)  interstage  filters  are  the 
other  products  available.  The  unit* 
are  designed  with  a  nominal  im¬ 
pedance  of  10,000  ohms.  The  filters 
utilize  a  dual  alloy  magnetic  shield 
which  reduces  inductive  pickup  to 
160  millihenries  per  gauss.  Either 
tsrpe  can  be  supplied  for  any  cutoff 
frequency  from  200  to  10,000 
cycles.  Dimensions,  in  hermeti¬ 
cally-sealed  cases,  are  li  x  2i  x  2i 
in. 


Photo  oowrtooy  BeU  Airormft  OorporaUon 


BE  SURE  WITH  KESTER 


•  Chemically  and  physically  correct  flux  is  imperative  for  tight,  permanent 
solder-bonding.  Oxides  on  metals  must  be  dissolved  and  the.  solder  must 
alloy  with  the  metals  in  a  way  to  prevent  re-oxidation. 

•  Different  solder-bonds  demand  different  fluxes.  One  flux  will  not  do  for 
all,  if  soldered  connections  are  to  resist  shocks,  vibrations,  bending,  twisting, 
contraction  and  expansion  without  failure. 

•  Delicate  electrical  connections,  for  example,  demahd  a  flux  that  is  a  poor 
conductor,  that  is  non-corrosive,  and  that  has  no  tendency  to  collect  mois¬ 
ture,  dust  or  other  foreign  matter.  Seams  of  various  design  each  require  a 
different  flux.  So  do  spot  soldering  operations.  And  there  are  correct  fluxes 
for  all  of  the  myriad  materials  used  in  industry. 

KESTER  MAKES  THEM  ALL! 

•  Kester  Fluxes  protect  you  against  solder  failures  due  to  improper  flux. 
They  represent  46  years  of  practical  experience  with  solder  and  fluxes,  and 
extensive  laboratory  research.  Kester  has  pioneelred  many  important  flux 
improvements.  The  complete  line  includes  the  right  flux -for  any  solder  job. 

•  You  can  be  sure  with  Kester  Fluxes — sure  of  tight,  permanent  solder¬ 
bonding  .  .  .  Kester  engineers  are  at  your  service. 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  Ave.,  Chicago  39,  Illinois 

Saittni  Plant:  Newark,  N.  J.  Canadian  Plant:  Brantford,  Ont. 


Parallel-Plate  Capacitors 

Water-cooled,  h-f  parallel-plate 
capacitors,  designated  Class  HFP, 
are  for  use.  in  electronic-heater 
resonant  circuits  and  other  elec¬ 
tronic-oscillator  applications.  The 
capacitors  are  filled  with  a  new, 
synthetic  dielectric  liquid.  When 
connected  in  parallel  with  an  in¬ 


electronics 
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IN  FIFTEEN  short  years  Essex  Extra -Test Magnet 
Wire  has  reached  an  enviable  "first-choice”  po¬ 
sition  in  the  field. 

A  natural  advancement  —  for  it  has  always  been  a 
rigid  Essex  policy  never  to  be  content  with  just 
good  wire.  Every  spool  that  leaves  the  plant  must 
carry  extra-good  wire — the  best  that  can  be  made — 
whether  it  is  size  50  or  0;  round,  square  or  rec¬ 
tangular;  bare,  covered  or  enameled. 

Such  superiority  is  the  direct  result  of  extensive 
development  work  and  severe  laboratory  tests. 
Made  from  commercially  pure  electrolytic  copper. 


Essex  Magnet  Wire  is  drawn  to  size  under  most  care¬ 
ful  supervision,  and  subjected  to  continuous  physical 
and  electrical  tests  for  purity,  temper,  elongation,  con- 
duaivity,  and  gauge.  Insulation  tests  are  equally  fre¬ 
quent  and  severe.  And  in  every  case,  resuits  must  exceed 
standard  requirements.  Many  are  far  in  excess  of  most 
rigid  specifications. 

That’s  why  Essex  Magnet  Wire  has  been  so  literally 
labeled,  *'fjctra-Test*\ 


ESSEX  WIRE  CORPORATION 

FORT  WAYNE  6,  INDIANA 
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ductance  coil,  the  capacitors  con¬ 
stitute  the  resonant  circuit  which 
determines  the  frequency  of  the  os¬ 
cillator.  In  such  applications,  the 
capacitors  are  operated  at  relatively 
high  voltages,  and  may  be  required 
to  carry  heavy  currents  continu¬ 
ously  at  frequencies  of  50  kc  to  sev¬ 
eral  megacycles.  Features  of  the 
units  are:  low  losses  at  high  fre¬ 
quencies;  uniformly  high  dilectric 
strength;  high  current  rating  per 
unit  volume ;  and  convenient  mount¬ 
ing  and  connection  facilities.  Ca¬ 
pacitors  are  available  in  standard 
ratings  ranging  from  2000  v,  0.025 
microfarad  to  9000  v,  0.0056  micro¬ 
farad.  Bulletin  GEA-4365  illus¬ 
trates  and  describes  the  capacitors 
in  detail 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y. 


Wire  Markers 


Turbo  wire  markers  are  available 
in  all  colors,  as  well  as  in  clear, 
transparent  polyvinyl  extruded 
tubes,  made  by  a  production  proc¬ 
ess  which  permits  any  desired  loca¬ 
tion  of  the  imprinting,  circumfer¬ 
entially  or  longitudinally,  in  any  di¬ 
ameter  or  length.  Markers  are  eas¬ 
ily  installed.  They  are  designed  to 
replace  metal  and  paper  tags.  In¬ 
flammability  and  crimping  are  elim¬ 
inated.  The  markers  are  extruded 
from  polyvinyl  chloride  resin,  are 
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FREQUENCY  STANDARD 
(60  cycle)  for  use  with 
external  power  supply 

CENTER 
CHRONOGRAPH 
Records  time  intervals 
with  resolution  to  .001  second 

BOTTOM 

FREQUENCY  STANDARD 
(120  cycles)  with 
self-contained  power  supply 


These  tuning  forks  which  include 
new  engineering  principles,  pro¬ 
vide  frequencies  from  120  to  1,000 
cycles  directly  with  an  unquali¬ 
fied  guarantee  of  accuracy  to  1 
part  in  100,000  over  a  wide  tem¬ 
perature  range.  (Better  than  1 
second  in  24  hours).  Closer  tol¬ 
erances  are  ohtainahle  on  spe¬ 
cial  order. 

These  tuning  fork  assemblies  are 
available  only  in  single  or  multi¬ 
frequency  instruments  of  our 
own  manufacture  which  are  de¬ 


signed  to  test,  measure  or  control 
other  precision  equipment  by  me¬ 
chanical,  electrical  accoustical  or 
optical  means. 

The  dependability  of  these  fre¬ 
quency  standards  is  being  dem¬ 
onstrated  for  myriad  purposes 
in  all  climates  and  under  all 
working  conditions. 

If  you  have  need  for  low  fre¬ 
quency  standards  of  exceptional 
accuracy,  your  inquiries  are  in¬ 
vited. 


American  Time  Products,  Inc. 


New  York,  N.  i. 


ooO  Fifth  Ave. 


of  Wcsiern  I  Kiira  »sr  \\  •ill  li  r.iti  Kctonli  rs 
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YOU  CAN  RELY  ON 


ROUND  AND  PLAT 


CLIPS 


HOOKS 


BENDS 


WIRE  SPRINGS 


LIGHT  stampings 


moisture  absorbent  and  have  good 
insulating  properties.  They  can  be 
used  to  identify  circuits  and  leads 
of  electrically  energized  equipment 
and  controls. 

William  Brand  &  Co.,  276  Fourth 
Ave.,  New  Yprk  10,  N.  Y. 


H-F  Vacuum  Tube, 

Power  Tube 

Exhibited  at  the  Winter  Techni¬ 
cal  Meeting  of  the  IRE  was  a  high- 
frequency  vacuum  tube  for  use  in 
short-wave  equipment  being  built 
for  government  services  by  Federal 
Telephone  &  Radio  Corp.,  591  Broad 
St.,  Newark,  N.  J.  The  tube  was 
developed  especially  for  high-power, 
high-frequency  broadcasting.  It 
has  an  output  of  200  kw,  requires  a 
steady  flow  of  2,400  gallons  of 
water  per  hour,  and  weighs  350  lbs. 

Another  Federal  exhibit  was  a 
new,  compact  power  tube,  the  first 
of  a  series  being  developed  espe¬ 
cially  for  general  industrial  use  in 
h-f  heating  equipment.  The  tube  is 
designed  to  withstand  the  shocks 
and  vibrations  which  may  be  en¬ 
countered  in  manufacturing  plant 
operations.  It  is  supplied  with  6-in. 
flexible  copper  leads  which  are  per¬ 
manently  secured  to  the  tube  ter¬ 
minals  to  eliminate  glass  damage 
in  attaching  and  adjusting  terminal 
clamps.  It  has  a  power  input  of 
8,500  watts. 


Springs  cost  little  but  mean  much.  A  single  spring  is 
often  the  determining  factor  in  the  functioning  of  a  critical 
mechanism.  The  failure  of  one  small,  inexpensive  spring 
may  cause  the  breakdown  of  a  complex  machine,  with 
attendant  loss  of  time,  money,  production — even  life  or*limb  itself. 

Reliable  specializes  in  the  design  and  production  of  springs  to  high 
precision  standards — springs  exactly  adapted  in  every  detail  to  the 
work  they  must  perform.  We  make  all  types  of  springs  of  round  or 
square  wire,  or  of  strip,  and  of  any  desired  material — also  wire  forms 
and  light  stampings.  We  are  large  volume  producers,  yet  our  organiza¬ 
tion  is  built  so  that  it  is  easy  for  you  to  bring  your  individual  problem 
directly  to  competent  executives,  and  receive  real  attention. 

Consult  Reliable  on  your  roquiromonts.  Catalog  44  sent  on  request. 


Sealed  Headers,  Mountings 

All  types  of  sealed  headers  and 
sealed  mountings  for  electrical 
components  are  available  in  any  de¬ 
sired  number  of  hermetically- 
sealed  connections.  Terminals  are 
of  a  glass-bead  type.  Units  are 
shock-proof  and  heat-resistant  and 
provide  a  chemically-bonded  seal 
between  the  shell  and  glass,  as  well 
as  between  the  glass  and  Kovar 


THE  RELIABLE  SPRING  &  WIRE  FORMS  CO 

3167  Fulton  Rd.,  Clovoland  9.  Ohio 


Reprosentativof  In  Principal  Cities 
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Single  Bolt  Assembly  on  model  mcl  lever  switches 

SPEEDS  CHASSIS-TO-PANEL  ASSEMDLY  ON  ELECTRONIC  &  COMMUNICATIONS  EQUIPMENT 


This  exclusive*  General  Control  Company  feature 
means  savings  in  time  and  labor  during  original 
assembly  and  at  any  time  that  maintenance,  rewiring,  etc. 
is  required.  Consider  the  convenience  of  this  feature 
when  build-ups  must  be  assembled  to  a  frame  that  is 
buried  among  other  units  on  the  back  of  the  control 
panel.  During  assembly  of  equipment,  the  Model  MCL 
can  be  wired  where  it  is  most  convenient — the  control 
lever  can  be  mounted  anywhere  on  the  panel  where  it  is 
most  convenient  for  the  operator — there  is  no  need  to 


compromise. 

The  “Midget”  Model  MCM  also  has  the  single  bolt 
assembly  feature.  This  unusual  lever  switch  weights 
only  ounces  with  12  contact  springs. 

All  General  Control  Company  lever  switches  have 
unlimited  contact  possibilities;  all  parts  are  non-corro¬ 
sive;  all  have  easy,  positive  roller  action,  regardless  of 
number  or  arrangement  of  contacts  on  each  side  of 
switch. 

•PATENT  No.  2.351.236 

The  "Midget"  MODEL  MCM  has  it  too! ! 


GENERAL 

CONTROL 

COMPANY 


1202  Soldiers  Field  Road  BOSTON  3d,  MASS. 
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Here’s  important  news  for  users  of  rectifier 
type  instruments.  Conant  has  done  it  again! 
This  new  instrument  rectifier  application 
makes  possible  for  the  first  time  complete 
freedom  from  temperature  errors.  AC  values 
are  read  on  the  same  linear  scale  as  DC  values. 

You’ll  be  amazed  at  the  vastly  improved 
frequency  response  achieved  by  this  new 
development.  This  remarkable 
assembly  can  be  furnished  in  any  of  three 
Conant  series  (500,  160  or  160-C). 

Available  to  original  purchasers  of 
Conant  Instrument  Rectifiers  license  free. 
Write  today  for  details. 


ELECTRICAL  LABORATORIES 


*500  0  STREET,  LINCOLN  S,  NEBRASKA,  U.  S.  A. 


30  VcMy  St.,  N*w  York  7,  N*«rYork 
85  E.  Gay  St.,  CoKimbut,  Ohio 
600  S.  MicMflan  Avo.,  Chicago  5,  III. 
1215  Harmon  PI.,  Minnoopolit  3,  Minn. 


2017  Grand  Avo.,  Kansas  Oty  8,  Mo> 
1212  Camp  St.,  Dailas  2,  Toxas 
378  8oulovard  N.  E.,  Alianta,  Ga. 
4018  Groor  Avo.,  St.  Louis,  Mo. 


1 526  Ivy  St.,  Donvor,  Colo. 

4214  Country  Chib  Dr.,  Long  Booth 7,CaL 
Export  Div.,  89  Broad  St.,  N.  Y.  4,  N.  Y. 
50  Yarmouth  Rd.,  Toronto,  Canada 


corrosion-resisting  electrodes.  The 
glass  is  annealed  for  strain  elimi¬ 
nation  and  as  a  protection  against 
thermal  or  mechanical  shock.  High 
and  low  voltage-terminal  types  are 
available  for  inclusion  in  a  header 
assembly.  Headers  can  be  fabri¬ 
cated  to  suit  individual  specifica¬ 
tions.  Illustrated  are  headers  for 
can-type  units. 

Electronic  Testing  Laboratories, 
Inc.,  44  Summer  Ave.,  Newark  4, 

N.  J. 

Reference  Recorder 

« 

A  NEW  REFERENCE  recorder,  Model' 
AV-2,  records  on  cellophane  tape 
up  to  eight  hours  continuously  and 
without  supervision.  Compared  to 


the  manufacturer’s  Model  AV  it  is 
smaller  and  has  an  improved  index¬ 
ing  control. 

Other  products  available  postwar 
from  this  manufacturer,  include  a 
home  recorder  and  a  rack  model  for 
radio  broadcast  station  use,  as  well 
as  models  which  will  be  available 
for  230-volt,  SO-cycle,  a-c  operation. 

Fonda  Corp.,  245  East  23rd  St., 
New  York  10,  N.  Y. 

Grid  Cap  and  Tube  Cap 
Shield 

Two  NEW  PRODUCTS  are  available 
from  Alden  Products  Co.,  117  N. 
Main  St.,  Brockton  64,  Mass. 

The  first  of  these  is  a  suppressor 
grid  cap  (Type  92NTL)  which  was 
developed  especially  to  eliminate 
parasitic  oscillation.  A  knurled  sec¬ 
tion,  in  the  top  of  the  grid  cap  con¬ 
nector,  unscrews.  A  resistor  of  pre¬ 
determined  value  is  supplied  in  the 
cavity  under  this  cap  and  in  series 
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3500 

COWS? 


fh 


NO!  I  SAtD 
3500  6AU55! 


2  S«ll«ek  SfTMt 


Staaferd,  CoBMcticat 
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FOR  INDUSTRIAL 
ELECTRONIC  DEVICES 


ELECTROIIC 
DISCRIMINATOR  WITH 
“SIRMA”  PLIfi-IN  RELAYS 


The  relay,  like  all  components,  must 
have  maximum  freedom  from  pos¬ 
sibility  of  failure  —  and  also,  be¬ 
cause  it  may  nevertheless  be  subject 
to  accidental  damage,  it  must  be 
easy  to  replace. 


SIGMA  RELAYS  ARE  FAMOUS  FOR:- 


•  Highost  contact  pressure  per  input 
milliwatt. 

•  Plug-in  moimting. 

•  Dust-proof  or  hermetically 
sealed  enclosure. 


Maintenance  of  precise  ad¬ 
justment. 


TYPE  4R 


Sigma  Instrumeats,  m. 


62  CEYLON  ST^  BOSTON  21,  MASS. 


with  the  attached  lead.  The  cap 
also  clamps  to  the  lead  wire  pro¬ 
viding  strain  relief.  This  particu¬ 
lar  cap  is  made  for  A-in.  diameter 
tube  top  cap,  but  others  are  avail¬ 
able  with  top  or  side  lead  for  most 
similar  applications  where  a  series 
resistor  is  required  in  the  lead  of 
the  connector. 

The  second  product  is  the  TCIM 
patented  tube  cap  shield  which  is 


now  available  to  industry.  It  pro¬ 
vides,  in  addition  to  electrostatic 
shielding,  a  molded  insulating  lin¬ 
ing  which  prevents  the  tube  top 
cap  from  grounding  to  the  shell.  It 
also  provides  a  smooth  rolled  edge 
for  the  lead  wire  entrance  to  elimi¬ 
nate  chafing  caused  by  vibration. 


Aircraft  Radio  Direction 
Finder 


These  new  radio  direction  finders 
for  aircraft  have  a  receiver  that  is 
lighter  and  smaller  than  the  older 
models.  The  new  compass  is  a  4- 
band  instrument  (instead  of  three 
bands  used  in  the  older  model  SCR- 
269)  which  operates  on  regular  air- 
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^•■♦'  Ml  liiiHWiii’H^ 


We  /fivi/e  Inquiry 


Th«  nam*  IIST  hos  b««n  Qssociotcd  with 
Hm  fiiiMt  in  coils,  tronsformors  oi^  loud 
tpookors  sine#  tho  days  of  radio's  infancy. 
Illustratod  aro  but  a  fow  of  tho  many  itoms 
manufacturod  by  BEST  which  roquirod  skill, 
procision  and  officioncy.  Bocauso  of  tho 
oxporionco  gainod  throughout  tho  yoars, 
BEST  has  boon  ablo  to  moot  tho  ofor  grow¬ 
ing  domands  of  this  industry  for  grootor 
quality,  durability  and  quantity  production. 


Our  Enginooring  Dopartmont  and  modom 
production  facilHios  aro  availablo  for  tho 
dosigning  and  mass  productidft  of  quality 
oloctronic  and  sound  roproducing  oquip- 
mont  which  will  moot  your  most  rigid 
roquiromonts. 


"T"  "T . niiir"  INC. 

^iedumic  anfi 

1200  8R0VE  STREET  •  IRVINGTON  11,  N.  J. 
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RESISTORS 

by  HANOVIA 

GRADE  1  CLASS  1 

HERMETICALLY  SEALED 
Wire  Wound 

FERRULE  TERMINAL  TYPE 
Power  Resistors 


mm  ■*,! , 


craft  supply  of  28-volt  dc.  Alter¬ 
nating-current  voltages  for  the  in¬ 
dicators  and  the  loop  drive  motor 
are  produced  by  a  small  vibrator. 
Reception  continues  if  the  a-c  volt¬ 
ages  fail  since  the  loop  can  be 
turned  manually.  The  fourth  band 
is  the  100-200  kc  band  which  has 
been  added  to  take  radio  naviga¬ 
tional  aid  from  the  many  European 
and  Asiatic  stations. 

Fairchild  Camera  &  Instrument 
Corp.,  475  Tenth  Ave.,  New  York 
18,  N.  Y. 

One  and  One-Half  Inch 

Panel  Instruments 

• 

Two  -  MANUFACTURERS  announce 
panel  instruments  of  the  one  and 
one-half-inch  type. 

General  Electric  instruments 
utilize  the  internal-pivot  design  and 
are  available  in  two  forms  to  meet 
the  various  requirements  for  war 
equipment.  A  waterproof  design  is 
for  use  where  the  equipment  may 
be  accidentally  submerged  in  water, 
exposed  to  rain,  or  used  in  ex¬ 
tremely  humid  atmosphere.  The 
conyentibnal  moisture-resisting  de¬ 
sign  is  for  use  in  aircraft  or  other 
service  where  the  instrument  will 
be  protected  from  the  elements. 

Roller-Smith  instruments  are  de¬ 
signed  to  withstand  extreme  condi¬ 
tions  of  temperature,  humidity,  vi- 


Six  Styles  Available 
Sturdily  Built  For  Dependable  Service 
Inquiriesjnjited 

HANOVIA  Chemical  i  Hfg.  Co. 


Dept.  E-13 


Newark  5,  N.  J. 


bration  and  shock  in  aircraft  serv¬ 
ice.  The  manufacturer  states  im¬ 
mersion  tests  show  the  units  will 
withstand  hydrostatic  pressures  up 
to  14.7  psi  without  case  leakage. 
Accuracy  is  rated  at  2  percent 
They  are  available  in  all  practical 
ranges  above  50  millovolts  as  d-e 
'Voltmeters,  and  in  all  practical 
ranges  above  500  microamps  as  d-c 
ammeters.  Lower  ranges  can  b< 
supplied  for  other  applications. 
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Un  future  peace-time 
production,  Radex  Mill 
uphold  its  M'ar-won  re¬ 
putation  by  the  scope 
and  caliber  of  its  ser¬ 
vice  to  the  radio  and 
electrical  industries. 


Radex  Corporation 


53  W.  Jackson  Blvd.,  Chicago  A,  III. 


(3) 

FACTORY 

SUPERINTENDENTS 

Organization  methods 
experience 
Small  assembly  work 

$7000-$8500 

Also  Openings  for 

3 

GENERAL 

FOREMiEN 

$5000-$6000 

Write 

HNdsoR  Anericai  Corporatioi 
25  West  43rcl  Street 
New  York  18,  New  York 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


IHHISI 


»ur<US  BUY  MORE  WAR  BONOS  -A' 


. . . 


^4 


m 


1 


MENDELSOHN 

SPEEDGUN  COMPANY  (electronics  division) 
4  57-461  BLOOMFIELD  A  V  E  .,B  L  O  O  M  F  I  E  L  D ,  N  .  J 
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Electronic  Timers 


Electronic  timers,  (tesignated  as' 
Series  5000,  measure  8S  x  3|  x 
in.  and  are  intended  for  built-in 
applications  where  no  individual 
housing  is  necessary.  The  four 
standard  types  available  include 
Models  5010,  5020,  5030  and  5040. 
Model  5020  requires  a  warm-up 
period  of  3  sec  before  the  unit  is 
ready  to  operate.  The  other  three 
models  require  30  sec.  The  units 
are  rated  for  loads  up  to  2  amp  at 
115-v  ac.  Mounting  is  achieved  by 
an  insulating  strip  located  on  the 
rear  of  the  timers. 

Fisher-Pierce  Co.,  62  Ceylon  St., 
Boston  21,  Mass. 


Thyratron  Tube 

RCA-3D22  IS  A  SENSITIVE,  four- 
electrode  thyratron  for  use  in  relay 
and  grid-controlled  rectifier  appli¬ 
cations,  particularly  those  involv¬ 
ing  motor-control  service.  It  is  con¬ 
servatively  rated  to  handle  an  aver¬ 
age  output  current  of  0.75  amp  in 
continuous  operation.  The  tube 
utilizes  a  sturdy  and  compact 
single-ended  construction  which 
eliminates  bulb  terminals  with  their 
attendant  flexible  leads.  Because  of 
its  xenon-gas  Ailing,  the  tube  has 
a  control  characteristic  which  is  es¬ 
sentially  independent  of  ambient 
temperature  throughout  the  range 
from  —75  to  -f 90  deg.  C.  It  also 
has  small  preconductioh  or  gas- 
leakage  currents,  low  control  grid 
to  anode  capacitance,  and  low  con¬ 
trol-grid  current. 

RCA  Victor  Div.,  Radio  Corp.  of 
America,  Harrison,  N.  J. 


Thermostatic  Delay  Relay 

Porcelain  heaters  are  utilized  in 
this  new  thermostatic  metal-type 
delay  relay  which  has  higher  rat¬ 
ings  than  the  unit  described  in 
August  1948.  Electronics.  Delays 
from  1  to  120  seconds  v  can  be  ob¬ 
tained.  Contact  ratings  are  10-amp, 
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HYDROGEN 
NITROGEN.OXYGEN 


ARGON  NEON 
HELIUM  KRYPTON 
XENON 


COMPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 

UGHEST  QUALITIES  •  AMT  QUANTITr 
DEUVERED  ANYWHERE 


CALI  ON  jORGENSEN  FOK  special  MACHITJING  op  OUANTIIt'  PkODUCFION 


7  LINCOLN  STREET 
JERSEY  CITY  7,  N.  J. 


yNBlo 


Reg.U.S.  Pat.  Off. 


Self-Locking 

HOLLOW 

SET 

SCREW 


Pat’d  A  Pats.  Pend. 


Save  SPACE,  WEIGHT 
and  WORRY 


Now  made  in  sites  so  small  you  can  hardly  saa  tham,  yaf  parfact  In 
Rnurltna  af  Carirat  avtry  datail,  thasa  "Unbrako'*  salMocking  sat  scraws  ara  invaluabla 
Knurling  of  SocKai  alacfronics  and  fina  instrumants. 

Scraws  originatad 

with  "Unbrako"  Tha  knurlad  cup  point  ot  the  "Unbrako"  Hollow  Sat  Screw  digs  In 

years  ago.  And  holds  tight.  Vibration  positively  will  not  loosan  it,  yet  it  is 

easily  removed  with  a  wrench,  and  may  be  used  over  and  over  again. 

L  Sites  from  #0  to  I"  diamatar.  All  commercial  lengths. 

Where  tha  Knurlad  Cup  Point  "Unbrako"  cannot  ba  used,  use  our 
knurled  Thread  "Unbrako" — also  a  Salf-Lockar  regardless  of  the  point. 

Y  Sand  for  tha  "Unbrako"  Catalog  of  Socket  Screw  Products. 

STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN.  PENNA.  lOX  59A 
- BRANOHIS - 

BOSTON  •  DETROIT  •  INDIANAPOLIS  •  OHIOAQO  •  ST  LOUIS  •  SAN  FHANOISOO 

OVER  40  YEARS  IN  lUSINESS 
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«  INTEICtUNGIAIlE 
TIPS 

•r*  available 

0  17  14  5 


MODEM  DESIGN 


Wai  lAlANaD 
LIGHT  WEIGHT 


TNEIMOSTATIC 
HEAT  CONTIOl 


QUICK  HEATING 


Vacuum-Tube  Voltmeter 

Specifications  of  a  vacuum-tube 
voltmeter,  designated  as  Model 
VM-27,  which  may  be  used  in  the 
laboratory,  or  for  engineering  de¬ 
sign  or  production  testing,  are  as 
follows.  The  voltage  range  is  from 
0.1  to  100  volts  ac  or  dc,  and  the 
frequency  range  is  20  cycles  to  over 
100  Me.  The  unit  has  five  ranges 
1,  3,  10,  30  and  100-volts,  full  scale. 
The  peak  response  is  calibrated  to 
read  the  rms  value  of  a  sine 
wave,  or  0.707  of  the  peak  of  a 
complex  wave.  Accuracy  is  rated 
better  than  2  percent  on  all  ranges. 
The  unit  is  factory  adjusted,  and 
operates  from  105  to  125  volts,  60 
cycles.  It  consumes  30  watts  of 
power. 

Alfred  W.  Barber  Laboratories, 
34-04  Francis  Lewis  Blvd.,  Flush¬ 
ing,  N.  Y. 


Isolating  Transformer 

The  product  illustrated  is  an  iso¬ 
lating  transformer  (designated  as 
Catalog  No.  7242)  for  use  in  the 
laboratory,  and  for  testing  and 
portable  applications.  The  unit  is 
wound  for  three-phase  but  may 
employed  on  single-phase  circuits. 
It  is  a  compact  component,  rated 
250  va,  115  volts,  1:1  ratio.  Fre¬ 
quency  range  is  60  to  400  cycles. 
Units  are  rugged  and  drip-proof, 


'k  Weighs  only  14  ozs. 
^  225  Watts  -  Powerful! 


"k  Heats  In  only  90  Seconds 


115- volt,  ac.  The  relay  is  compen¬ 
sated  for  ambient  temperature 
changes  from  40  to  110  deg  F  and 
is  available  as  a  SPST  normally 
open,  or  SPST  normally  closed  de¬ 
vice.  Hermetic  sealing  provides 
protection  against  altitude,  mois¬ 
ture  or  other  climatic  changes.  The 
unit  is  explosion  proof,  and  its  octal 
radio  base  permits  easy  replace¬ 
ments. 

Amperite  Co.,  561  Broadway, 
New  York  12,  N.  Y. 


iTSilF/ 

Ideal  for  Radio  Work!  ^  — 

KWIKHEAT  SOLDERING  IRON  ^  ^  ^ 


COOL,  PtonaiNG 


Only  the  Kwikheat  has. . . 

Built-in  Thermostatic 


COMPinE  U.L 
APPROVAL 


Heat  Control 


ni;ui  vuiiiiui  . . .  Check  the  exclu¬ 
sive  advantages  that  put  the  Kwikheat  Soldering  Iron 
in  a  class  by  itself  .  .  .  it’s  HOT,  ready  to  use  only  90 
seconds  after  plugging  in.  Saves  time.  The  built-in 
thermostat  keeps  the  Kwikheat  Iron  at  correct  tempera¬ 
ture  for  most  efficient  work — can’t  overheat — saves  re¬ 
tinning  time.  Powerful,  225  watts,  yet  it’s  light  (14  oz.) 
— ^well-balanced.  Cool — safe — ^protected  handle.  Six  inter¬ 
changeable  tip  designs  enable  one  iron  to  do  most  jobs. 
You  cannot  afford  to  overlook  the  Kwikheat  Soldering 
Iron.  Write  today  for  complete  information- $1 1  list. 


SOLDERING  IRON 

Division  of 

3903  San  Fernando  Rd  .Glendale  4,Calil 


TH  E  RMOSTATIC 


Sound  Equipment  Corp.of  Calil 


CHICAGO  TRANSFORMER 


3  5  01  WEST  ADDISON  STREET 
CHICAGO.  18 


in  a  separate  steel  box  with  a  large 
standoff  insulator  for  high  voltage 
terminals.  Ranges  of  the  tester  are 
from  0  to  5  kv,  0  to  10  kv  and 
10-0-10  kv  (10  kv  each  side  of 
ground  or  20  kv  between  output 
terminals).  The  increment  of  volt¬ 
age  from  zero  to  maximum  rating 
is  indicated  by  a  calibrated  volt¬ 
meter.  A  milliammeter  indicates 
commencement  of  leakage  and  also 
gives  quantitative  indication.  A 
safety  feature  is  the  use  of  a 
micro-switch  to  operate  the  high 
voltage  relay  when  the  cover  is 
lifted.  Voltage  is  controlled  by  a 
variable  transformer.  Accessories 
include  three  6-ft  test  leads  with 
banana  jacks  and  alligator  clips. 
The  unit  can  be  used  for  either 
laboratory  or  production  testing. 

Northern  Laboratories  Ltd.,  S-01 
27th  Ave.,  Long  Island  City  2,  N.  Y. 

Midget  Transformer 

These  transformers  measure  ii  x 
ii  X  in.  and  are  small  enough  to 
be  incorporated  directly  into  the 
cases  of  earphones  or  hand-held 
Microphones.  They  utilize  a  new 
design  and  new  materials,  and  are 


The  Bushing  Tests 


The  maintenance  of  uniformity  and  accuracy  in  component  parts  is  a 
recognized  prerequisite  of  quality  in  a  finished  transformer,  as  in  any 
precision  product.  For  this  reason,  important  parts  of  Chicago  Trans¬ 
formers  are  closely  inspected  and  tested  for  structural  and  dimensional 
accuracy  before  they  reach  production. 

Ceramic  bushings,  a  vital  part  of  Hermetically-Sealed  Chicago  Trans¬ 
formers,  are  subjected  to  exhaustive  tests  and  inspections.  Dimensional 
accuracy  to  close  tolerances  is  insured  by  micrometer  and  gauge  inspec¬ 
tion,  while  internal  flaws  and  structural  imperfections  are  detected  by  the 
use  of  light  directed  through  bushing  walls  and  by  air-pressure  exerted 
upon  each  bushing  under  water.  As  a  flnal  check  the  bushings  are  subjected 
to  a  high-voltage  breakdown  test  to  determine  their  insulating  properties. 
'  By  this  type  of  close  control  of  quality  in  essential  parts,  production  is 
facilitated  and  high  standards  of  quality  in  the  finished  transformer  are 
maintained.  The  result — better  service  to  Chicago  Transformer  customers. 


QUALITY 

CONTROL 


meaeure  x  x  4  in.,  and  weigh 
16i  lb. 

New  York  Transformer  Co.,  26 
Waverly  Place,  New  York  3,  N.  Y. 

High  Voltage  Tester 


Model  NL5-H5  unit  (illustrated) 
is  a  lightweight,  compact  high 
voltage  supply  for  testing  corona 
effects,  leakage  and  breakdown  of 
all  types  of  dielectrics  and  as¬ 
semblies.  The  unit  can  be  supplied 
with  an  auxiliary  capacitor  network 
for  momentary  high  current  break¬ 
down  tests.  Normal  current  range 
is  0  to  2i  milliamp.  The  auxiliary 
capacitor  network  is  designated  as 
Model  NL5-H5-IU  and  is  furnished 
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You  Can  Get  Them 


GOULD-MOODY 

^t€ic^Seal 

GLASS  BASE 
INSTANTANEOUS 
RECORDING  BLANKS 


Tho  tributes  paid  to  "Black  Seal" 
discs  by  many  leading  engineers 
hare  been  earned  by  distin* 
fished  service  on  the  turntable. 
Your  ears  will  recognize  the  dii- 
ference  in  quality  of  reproduc¬ 
tion.  and  the  longer  play-back 
life  will  prove  the  superiority  of 
"Black  Seal"  construction.  Choice 
of  two  weights  —  thin,  flexible. 
Interchangeable  with  aluminum, 
or  medium  weight  —  both  with 
four  holes. 

An  AA-2X  rating  is  automatically 
available  to  broadcasting  sta¬ 
tions,  recording  studios  and 
sdiools.  Endosure  of  your  prior¬ 
ity  rating  will  facilitate  delivery 
Old  AlnaiBUB  Blanks  Rseoatsd  with 
**Bleck  SMd**  Fomula  oa  Short  Nelieo 


ixKMT  otrr.  lordL  KAnouju  cpuPiUir.  mc 
•»MMesnwv.n.i; 


A  second  citation  for 
doing  a  good  war  job! 

RADIO  RECEIVERS  •  AUDIO  OSCILLATORS  •  TELEVISION 
ELECTRONIC  TEST  EQUIPMENT  •  SIGNAL  GENERATORS 
PHONOGRAPHS . . .  Licensed  by  RCA  •  Hazeltine  •  Armstrong  F.  M. 


HIb  ^  r  k  ill  MANUFACTURING  COMPANY,  INC. 
33  WEST  4M  STREET.  NEW  YORK  19,  N.  Y.  BRyant  9-2300 


There  is  a  SUPERIOR 

BRUSH  GRADE  for  Every  Need 


There  can't  be.  because  new 
needs  are  arising  every  day,  ‘and 
research  must  fill  them.  The  Super¬ 
ior  Research  Department  places 
its  25-year  experience  at  your  disposal. 


SUPERIOR  CARBON  PRODUCTS,  INC. 

•117  Cmm*  Avmn*  •  CLEVELAND  S,  OHIO 


SUPERIOR 


CARBON 

BRUSHES 


j^re^erred 

as  a  source  of  pre* 
cision  -  made 
W  A  S  H  E  R  S  and 
STAMPINGS 

:  CUP  WASHERS 

for  Binding  Screws  specifications. 

WHITEHEAD  STAMPING  CO. 

1691  W.  Lafayette  St.  Detroit  16,  Michigan 
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ELECT 


designed  to  operate  with  a  uniform 
frequency  response  within  ±2  db 
from  100  to  8000  cycles.  Units  can 
be  made  with  windings  to  provide 
impedances  as  high  as  200,000 
ohms,  and  when  used  as  a  choke 
coil,  with  inductive  reactance  as 
high  as  1  megohm.  Units  may  be 
potted,  shielded  or  hermetically 
sealed. 

Permoflux  Corp.,  4900  W.  Grand 
Ave.,  Chicago  39,  Ill. 


Wire'wound  Resistors 

An  addition  to  this  manufactur¬ 
er’s  line  of  components  are  Type 
GRW  wire-wound  resistors  which 
meet  Army-Navy  specification  JAN- 
R-26.  Seven  standard  sizes  are 
available  (GRW-10  to  GRW-16 
which  correspond  to  Army-Navy 
types  RW-lOF  to  RW-16F).  Re¬ 
sistance  values  covered  by  these 
seven  types  are  from  0.1  ohm  to 
46,000  ohms,  with  power  ratings 
from  15  to  140  volts.  The  units  are 
completely  sealed  and  have  pyrex- 
glass  enclosure  tubes  which  are 
specially  heat-treated  to  achieve 
optimum  stress  distribution  and  to 
provide  increased  resistance  to 
thermal  shock  and  mechanical  dam¬ 
age.  Connections  are  welded  rather 
than  soldered. 

j  International  Resistance  Co.,  401 
N.  Broad  St.,  Philadelphia  8,  Pa. 


H-F  Paper-Dielectric 
Capacitors 

A  NEW  LINE  of  high-frequency 
paper-dielectric  capacitors  (avail¬ 
able  in  ratings  of  5000  to  20,000- 
volt  dc,  0.01  microfarad)  are  avail¬ 
able  primarily  for  grid  and  plate¬ 
clocking  service  in  electronic  oscil¬ 
lator  circuits  of  h-f  induction-heat¬ 
ing  equipment.  They  can  also  be 
used  to  advantage  in  other  h-f  oscil¬ 
lator  circuits.  By  the  use  of  three 


CONCORD 

BUYING-GUIDE 
REVISED  LISTINGS 


HUNDREDS 
OF  PARTS  LIKE  THESE 
—  Many  Available 
Without  Priority 


AUT04ITI  RILAY 
Solanold  r*lay  limilar  to 
roloyt  on  autos  with  push* 
button  stortors.  8.5  to  14 
volts  D.C.,  with  hoovy 
doublo  moko  contacts. 

3^14*  X  3?is*  X 

2%'.  AU516. 

Spadally  prifd,  ^  1  •  1  T 


PM  SPIAKfR 

Idool  for  AC-DC  radios 
P.  A.,  and  Intorcom  re 
placements. 


HOOK-UP 

WIRi 

#  20  solid  rubber  covered. 

Red  or  yellow 

.  100. ft. 

coils.  Specify 

49c 

coch . 

Radio 

Parts 


Just  published!  Concord’s  great,  new 
68-page  Buying-Guide  and  latest  1945 
Revised  Listings  of  standard  lines  of 
Condensers,  Transformers,  Resistors, 
Tubes,  Test  Equipment,  Repair  and  Re¬ 
placement  Parts,  Tools,  and  hundreds 
of  other  essential  items.  Page  after  page 
of  top-quality  radio  and  electronic  parts, 
and  a  special  16-page  Bargain  Section 
offering  hundreds  of  hard-to-get  parts 
at  important  savings.  Mail  the  coupon 
now  for  your  FREE  copy.  Use  it  to  get 
what  you  need— and  get  it  fast— from 
Concord. 

Quick  Shipment  from  CONCORD 
CHICAGO  or  ATLANTA 

Concord  carries  vast  stocks.  Concord 
ships  to  you  af  once  from  the  nearest 
shipping  warehouse,  CHICAGO  or 
ATLANTA.  Concord  invites  you  to 
consult  our  technical  experts  on  special 
requirements.  Concord  can  expedite 
any  "essential”  order  and  speed  action. ' 
Concord  now  serves  the  United  States 
Government,  Institutions,  Industry— 
and  can  serve  YOU,  whether  you  want 
one  part  or  a  hundred.  Telephone,  wire, 
or  write  your  needs.  And  rush  this  cou¬ 
pon  for  ttie  new  68-page  Buying-Guide. 
It’s  FREE. 


Concord  Rrdio  Corp. 

Jiudui 


MIDOfT  POWfR 
TRANSFORMIR 

Pri.  117  volti,  60  cycles. 
Secondary  6.3  voitt  %  .5 
amps.,  ISO  volts  (A  ISO 
M.  A.,  SO  volts  @  65  M.  A. 
Size  3'A*x  3*x 
2W.  A5959. 

Your  cost,  70C 


TAPPIO  RiSISTOR 

Vitreous  resistor,  90  watts, 
6.4  ohms  resistance  tapped 
in20stepsof.32 
ohms  ea.  SB197. 

Your  cost,  each,  oVC 


CHICAGO  7,  ILL 
901  W.  Jackson  Blvd. 


ATLANTA  3,  GA 
265  Peachtree  Street 


KURMAN  RKAY 

Type  223C34.S.P.0.T.  con 


tacts.2.5v.O.C,8MA,3O0  current.  Coo  2V  2*  x  2% 


AUMO  UACTOR 
Sealed.  .15  Hy  at  O.  O.C, 

_ _ ..a  o*  .  o«  .  07A* 


ohm  coil.  584020. 

Speciaffy 

priced  ....  ^2.50 


with  4^  mtg.  inserts. 
5  B  5  0  I  0  . 

Your  cost,  ^2.95 


Cktncord  Radio  Corp.  ^ 

Ml  W.  Jeckeon  Blvd.,  Dept.  6-45  O, 
ChlceRo  7,  Illlnole 
Pleeee  RUSH  FREE  copy  of  • 
CONCORD'S  new  iB-pate  ^ 
Buying-Guide  end  Revised 
Listinge,  just  off  the  press.  * 


tfs 


City . State. 
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POK  POST-WAR  REQUIREMENTS 


YEARS  OF  EXPEMENOE  AT  YOUR  SERVICE 


Urn  <<  w  "*”**°*^  ”rTT- - 

^  rtock  10  »«- •  •  • 

•fc,  oni>roc»  ow  taclWr  lot 

<igt  ^mMe  <W 

OMACHIIg-Og  .SSwiCM.  ««>  “«• 

•  UmWATIOOT  TWCJa»*TB0MEHT8 

*toouaw>w» 

WUJLfiJi 


MANUFAUlut^ 


■at 

’•  t  A 

■  \ 

1 

!  ■  '^ 

paper-dielectric  capacitors  instead 
of  four  mica  capacitors,  costs  may 
be  reduced  plus  lower  losses  and 
lower  voltage  drop  across  the  ca¬ 
pacitor.  The  capacitors  are  her¬ 
metically  sealed  in  rectangular 
metallic  cases,  and  are  sup¬ 
plied  with  removable  footed-type 
brackets,  which  provide  for  four- 
point  mounting  in  any  position. 
The  20,000-volt  rating  is  available 
in  two  designs — one  in  a  plain 
case,  and  the  other  with  cooling  fins 
to  permit  a  higher  current-carry¬ 
ing  capacity. 

Bulletin  GEA-4388  tells  about 
these  capacitors  and  is  available 
from  General  Electric  Co.,  Sche¬ 
nectady,  N.  Y. 


Ceramic  Insulation 

Mycalex  K  Series  is  a  new  ceramic 
for  use  as  a  dielectric  in  capacitors. 
It  can  be  supplied  with  dielectric 
constant  values  ranging  from  8  to 
16,  at  1  Me.  Mycalex  K-10  has  been 
approved  by  Army-Navy  (Jan.  1-12) 


as  Class  H  material.  K  Series  is 
available  in  thicknesses  of  i  to  1 
in.,  in  14  x  18-in.  sheets;  in  thick¬ 
nesses  down  to  A  in.  in  smaller 
sheets;  and  from  14  to  18  in.  rods, 
measuring  1  to  1  in.  in  diameter. 
The  material  can  be  readily  molded 
and  machined. 

Mycalex  Corp.  of  America,  60 
Clifton  Blvd.,  Clifton,  N.  J. 
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Janette  Itlamifactudmf  Cott^^ 

556  m  tVlorvwe  St.  ChieaxW  6,  111. 


TECHIVICAL 

IVOTES 

Excerpt*  from  New  Home 
Study  Le**on*  Being  Pre¬ 
pared  under  the  Direction 
of  the  CREI  Director  of 
Engineering  Text* 


Engineers! 

Send  for  This  Free 
Article  on  the 


The  Standard  for  Accuracy  and  Performance 

For  instruments,  indicators,  relays,  switches — there  are 
no  finer  springs  than  Manross  hairsprings.  Get  the  benefits 
of  sound  experience  in  design  and  modem  research  in 
materials. 

Send  for  Brochure  of 
Specifications  and  Design 


Delta- Wye 
Transformation 


Each  month  CREI  presents  a 
specially  prepued,  practical  techni¬ 
cal  article  in  its  popular  magazine, 
CREI  NEWS.  The  final  article  on 
Circuit  Equivalents  appears  in  the 
April  issue  and  discusses  the  Deltap 
Wye  Transformation  with  illustra¬ 
tive  examples — a  Bridged-Tee  Vari¬ 
able  Attenuation  Pad  and  an  EF. 
Trap  circuit  employed  in  a  television 
receiver. 

We  believe  that  the  readers  of 
Electronics  will  find  this  article  of 
practical  interest  and  possibly  of 
assistance  in  their  daily  woric. 

The  CREI  NEWS  is  issued  free  of 
charge.  Merely  write  a  card  or  letter 
^d  request  your  copy  of  the  April 
issue.  Your  name  will  be  addea  to 
the  mailing  list  and  you  will  receive 
eadi  forthcoming  issue  together  with 
the  interesting  series  of  articles  that 
are  planned  for  the  future.  We  will 
also  be  glad  to  send  all  past  articles 
on  "Circuit  Equivalents,”  if  avail¬ 
able.  Write  today — ^You  will  incur 
no  obligation  in  doing  so,  and  you 
will  undoubtedly  appreciate  its  con¬ 
tents. 

The  subject  of  "Circuit  Equiva¬ 
lents”  is  but  one  of  many  that 
are  being  constantly  revised  and 
added  to  CREI  l<nsoos  by  A. 
Preisman,  Director  of  Engineer¬ 
ing  Texts,  under  the  personal 
supervision  of  CREI  President, 
E.  H.  Rietzke.  CREI  home  study 
courses  are  of  college  calibre  for 
the  professional  engineer  and 
tedinician  who  recognizes  CREI 
training  as  a  proved  program  for 
personal  advancement  in  the  field 
of  Radio-Electronics.  Complete 
details  of  the  home  study  courses 
sent  on  request.  .  .  . 

Write  for  36-page  booklet. 


HAIR 

SPRINGS 


COI^FO RATION 

,  BR'iTol;  CONNECTICUT: 


DIVISION  OF 


D.C.to  A.C.  CONVERTERS 


The  Janette  Rotary  Converter  is  a  simple,  practical  method  for 
obtaining  Alternating  Current  when  only  D.C. power  is  availeJble. 

to  3a2  ICa  Aa 

1^^  Janette  was  one  of  the  first  manufactur- 
ers  to  build  converters  especially  for  use 
with  A.C.  electronic  tube  devices.  Since 
their  inception  these  machines  have  es-  > 
tablished  a  world  wide  record  for  relia- 
ble,  efficient,  quiet,  trouble  free  opera- 
tion,  under  the  most  adverse  conditions, 

TWO  TYPES  are  available  ;  one  for 
commercial  applications,  the  other  for 
marine  service.  Special  filters  for  sup- 
pressing  conducted  and  radiated  noise 
voltage  interference  can  be  supplied. 

If  you  want  a  really  dependable 
converter,  guaranteed  for  one  year, 
we  suggest  you  TRY  A  JANETTE! 

May  W«  Send  Litcrata*? 


CAPITOL  RADIO 

Engineering  Institute 

B.  H.  RIETZICB,  Prctideot 

Home  Study  Courtes  he  Preeticd  Radio- 
Electronics  EmtiMeeriug  for  Profettioual 
Self-tmpropemeut 

Dept.  E-4.  3224  —  16Ui  8t..  N.W. 
WASHINGTON  10.  D.  C. 

Contnctor*  to  th«  U.  S.  Navy  -— U.  S. 
Cotft  Guard— Canadian  BroadcawmK  Corp. 
—  Producers  of  Well-uaioed  Tecbnical 
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Loudspeaker 

Ranging  in  sizes  from  2  to  15  in. 
is  a  complete  new  line  of  loud¬ 
speakers  which  will  handle  capac¬ 
ities  from  1  to  20  w  and  which  are 
desismed  to  give  an  acoustical  out¬ 
put  in  2-db  ' steps.  A  magnet  alloy 
is  used  to  provide  magnetic  effi¬ 
ciency  and  to  save  weight.  The 
speakers  are  dust  proof.  Metal 
parts  are  rust-proof  finished.  Per- 
moflux  Corp.,  4900  W.  Grand  Ave., 
Chicago  89,  Ill. 

Li^tweight  Blower 

A  NEW  LIGHTWEIGHT  blower  for 
heat  dispersion  is  Model  No.  21 
which  has  been  added  to  this  manu¬ 
facturer’s  line.  The  unit  weighs  31 
oz  and  delivers  50  gfm  at  8000  rpm. 
It  is  not  affected  by  climatic  or 
temperature  changes,  and  is  avail¬ 
able  with  shaft  bores  of  either 
0.1895  in.  or  i  in. 

L.  R.  Manufacturing  Co.,  Tor- 
rington,  Conn. 


It  tellt  the  whole  story  of  "SCOTCH"  Electrical  Tapes  and  their  application,  by 
word  and  picture.  It  even  carries  samples  of  all  the  tapes  listed. 

"SCOTCH"  Electrical  Tapes  are  made  in  a  wide  ranse  of  tested  properties, 
with  backings  and  adhesives  scientifically  adjusted  to  varying  requiremenb. 

High  dielecbic  sbength,  resistance  to  corrosion  and  firm  adhesion  are  unfailing 
qualities  of  "SCOTCH"  Electrical  Tapes.  Made  to  exact  standards,  every  lot 
of  "SCOTCH"  Elecbical  Tape  must  conform  completely  with  the  most  rigid  re¬ 
quiremenb  before  being  released  for  use. 

Send  for  your  copy  of  the  new  "SCOTCH"  Elecbical  Tapes  book  today. 
You'll  find  it  complete  and  very  helpful'.  The  coupon  below  is  for  your  con¬ 
venience. 


Portable  Test  Meter 

Model  696,  Type  11,  a  compact, 
portable  instrument,  which  is  es¬ 
sentially  a  rectifier-type  voltmeter, 
provides  readings  in  decibels  (from 
—4  to  -f35  in  all  ranges),  as  well 
as  in  volts  (from  2  to  200,  in  7  a-c 
ranges) .  The  meter  can  be  used  for 
power-level  measurements  in  all 
types  of  sound  equipment  and  in 
radio  receivers.  Constant  imped¬ 
ance  is  20,000  ohms.  When  con¬ 
nected  across  any  sound  line,  the 
ranges  can  be  shifted  continuously 
without  varying  the  line  imped¬ 
ance.  A  self-contained  condenser 
provides  blocking  for  any  d-c  com¬ 
ponent.  The  instrument  is  cali- 


MINNISOTA  MINING  t  MANUFAaURING  COMrANY 
$1.  Paul  6,  Minn. 


PluoM  »end  us  o  copy  of  your  now  book  on  "SCOTCH”  Elocbicol  Topoi 
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Again,  when  the  war  is 
won,  we  will  be  on  call 

.  .  To  DESIGN,  DEVELOP 
and  MANUFACTURE  . . 

Radio  Receivers  and  Transmitters 
Industrial  Electronic  Equipment  >| 
Airport  Radio  Control  Equipment 
Marine  Radio  Telephone  Equipment 

Your  inquitu’s  will  rt‘c<'ivt  irrimc  Hicjtt.  action 


ISLIP,  L.  I.,  NEW  YORK 


KIRKLAND  Pioneer 

INDICATING  LAMPS 


D/K  DOMI  TYPE  LENS-CAP  WITH 
HEAVY  WALLED,  DEEPLY  CUPPED 
QLA8S  LENS.  80  0UT8TAN0INQ 
THAT  A  COMPLETE  LINE  OF  PILOT- 
LISHTS  HAS  BEEN  EQUIPPED  WITH 
IT. 

For  Uto  With  tho  Mott  Road- 
lly  Obtaloablo  Lamp  Bulbs 

Typ*  Na.  SM  D/E  Unit  for  im  with 
tho  86  eandolabra  kfow  hOM  lamp  on 
voitaoo  ap  to  120  volto. 


Tho  No.  M6  D/E  Unit.  LM  Prioo.  Clooo 
lamp)  lil.26. 

Spoetfloattono!  llonatliig  hola.  %*  dl- 
ametor;  ororall  depth  behind  the  front 
of  tho  panel  S';  lemith  of  threaded 
area  1  7/16*.  Undorwrltora*  Approved. 

Writs  for  Catalogs# 


THI  H.  R.  KIRKLAND  CO. 

MORRISTOWN,  N.  J. 


To  ENGINEERS  Looking 
for  Bigger  Opportunities 

Belmont,  a  loadins  radio  manufacturer,  hat  Immodialo  and  important  epoit- 
ingt  for  Senior  and  Projoct  Electrical  Enginoert.  Alto  Mochonical  Enginoora 
and  Ootignors  with  Electrical  experience.  Excellent  poti-war  pettlbilitioe. 


As  one  of  these  men,  your  im¬ 
mediate  job  will  be  to  work  on 
high-priority  radar  and  elec¬ 
tronic  developments  for  the 
armed  forces.  We  promise  you 
that  the  work  will  be  interest¬ 
ing.  It  will  present  a  constant 
challenge  to  ingenuity  and  abil¬ 
ity.  And  it  will  bring  you  in 
contact  with  some  of  the  coun¬ 
try’s  foremost  engineers. 

Write  immediately  giving 
full  details  as  to  experience  and 


qualifications.  If  you  qualify, 
you  will  become  associated  with 
a  manufacturer  who  now  is  en¬ 
gaged  100  %  in  war  work,  who 
produced  millions*  of  the  na¬ 
tion’s  fine  radios  in  peacetime, 
and  who  will  be  a  still  more 
important  factor  in  the  radio 
industry  of  the  future.  Contact 
Mr.  Wm.  L.  Dunn  at  Bel¬ 
mont  Radio  Corporation’s 
Chicago  plant  immediately  by 
wire  or  telephone,  collect. 


B1  /  A  D  J*  5921  W.  Dickens  Ave. 

elm^nt  Kadio  chuago  . . .  ^ 
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Wh.. 

ikill  of  a  high  degree  be¬ 
comes  habitual,  and  shows  up 
in  the  smallest  detail  —  that’s 
Craffsinamhip! 

Having  specialized  for  many  years,  Par- 
Metal  has  this  habit  of  Craffimamhip — 
expressed  throughout  the  entire  line, 
which  ranges  from  smoll  chassis  to 
housings  for  huge  transmitters 

To  get  a  picture  of  what  Par  Metal 
can  do  now  (and  the  post 
possibilities)  write  for 
copy  of  Catalogue 
No.  41-A. 
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A  New  Impregnating  Service 


HARVEY 

is  going  'round 


Purchasing  Aganti 


If  we  need  tubes,  meters, 
capacitors,  resistors, 
test  equipment,  or  any 
other  radio  and  elec* 
tronic  components,  what 
do  we  do?  We  call 
HARVEY— he  has  ’em! 

Wartima  Agandas  ara  saying: 

If  HARVEY  can’t  fur- 
nish  us  with  the  parts 
we  need,  he  finds  them 
for  us  —  or  gives  us 
something  that  will  fill 
the  bill. 

Training  Schools  ara  saying: 

,  .  .  and  besides,  we  get 
extra  service  from  his 
staff.  They  know  the 
ins  and  outs  of  this 
priority  business,  and 
know  how  to  cut  through 
red  tape. 


Lob* 


HARVEY  delivers!  No 
time  lost  on  the  orders 
we  send  to  him.  That 
place  has  good,  efficient 
service. 

WHAT  THE  FIELD  IS  SAYING  IS  SO! 

wnin,  wine  on  reurHOMe 

HAHVBY  fox  CRfTfCAL 
RADIO  AMD  ELecreOMIC 
PARTS  AMD  eOUIPMeMTI 

TcIc^Iwm:  LOiia««r«  3>1t00 


brated  for  500-ohm  lines  with  zero 
level  of  6  milliwatts  or  1.732  volts. 
With  each  instrument  a  chart  is 
provided  which  gives  interpolation 
values  on  lines  other  than  500  ohms. 
Test  leads  are  supplied.  Dimen¬ 
sions  are  approximately  5i  x  3i  x 
3A  in. 

Weston  Electrical  Instrument 
Corp.,  617  Frelinghuysen  Ave., 
Newark  5,  N.  J. 


Literature  ■ 

FM  Program  Transmission.  This 
is  the  title  of  a  12-page  brochure 
released  by  American  Tel  &  Tel 
(195  Broadway,  New  York,  N.  Y.) 
in  answer  to  the  question  of 
whether  the  Bell  System  can  pro¬ 
vide  program  transmission  chan¬ 
nels  which  will  meet  the  present 
and  future  needs  of  fm  broadcast¬ 
ers.  The  booklet  points  out  that  the 
Bell  System  already  is  furnishing 
studio-transmitter  links  to  the  ma¬ 
jority  of  fm  stations  now  in  opera¬ 
tion.  These  links  transmit  a  fre¬ 
quency  band  of  15,000  cycles  as 
specified  by  FCC.  The  booklet  also 
states  that  present  broad  band  car¬ 
rier  telephone  facilities  can  readily 
be  adapted  for  15,000-cycle  pro¬ 
gram  circuits  by  adding  special 
terminal  equipment.  Another  state¬ 
ment  points  out  the  fact  that 
whether  wire  or  radio  links  are 
used  to  transmit  fm  programs,  the 
Bell  System  will  use  them,  citing  as 
evidence  of  this  the  A.T.  &  T.’s  pro¬ 
jected  microwave  radio-relay  sys¬ 
tem  between  New  York  and  Bos¬ 
ton.  This  trial  installation  was 
under  development  before  the  war, 
and  is  intended  to  test  broad-band 
transmission  by  radio  of  various 
types  of  communications,  including 
long  distance  telephone  messages 
and  television,  as  well  as  broadcast 
programs.  Directed  radio  beams 
will  operate  simultaneously  in  both 
directions  and  be  relayed  at  sta¬ 
tions  situated  about  30  miles  apart. 

Test  Instruments.  Such  instru¬ 
ments  as  Model  785  industrial  cir¬ 
cuit  tester.  Models  665,  663  and  697 
volt-ohm-milliammeters,  Model  689 
ohmmeter.  Model  796  insulation 
tester.  Model  564  volt-ohmmeter. 
Model  772  analyzer.  Model  633  a-c 


WHICH  PROTECTS 
STEATITE  CERAMIC 
v'ARTS  AGAIHST 
MOISTURE  AOSORPTIOH 
ANO  FUNGUS 


by  the  use  of. . . 


DOW-CORNING  FLUID  No.  200 


This  new  method  for  waterproofing 
ceramic  surfaces  results  in  in¬ 
creased  electrical  resistance  and 
improved  performance  of  equip¬ 
ment  under  conditions  of  high  hu¬ 
midity  and  condensation.  Appli¬ 
cation  of  Dow-Corning  Fluid  No. 
200  to  ceramic  bodies  coats  them 
with  an  extremely  thin  film  of  sili¬ 
cone.  It  will  adhere  effectively 
even  when  immersed  for  days  in 
sea  water  and  does  not  collect 
dust  or  corrode  metals;  nor  will  it 
react  with  organic  materials.  It  has 
a  power  factor  of  the  order  of 
.005%  and  is  effective  up  to 
I50°C.  It  also  acts  as  a  neutral 
flux  for  soldering,  and  is  not  re¬ 
moved  by  contact  with  organic  sol¬ 
vents.  For  further  applications  and 
engineering  data  write  or  phone. 


PRODUCTION 

ENGINEERING  GORP. 


666  VAN  HOUTIN  AVE. 
CUFTON,  N.  J. 
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..STANDARD  RELAY 

DO  THE  JOB  — THAT’S  THE  ONE  TO  BUY! 

Potter  &  Brxunfield  Standard  Relays  will  give  accurate  and 
precise  operation,  their  rugged  construction  and  wide  range 
of  simplified  designs  fit  most  standard  applications. 

Standard  Relays  reduce  overall  cost,  simplify  installation, 
insure  maximum  [>erformance.  They  are  made  of  the  finest 
materials,  assembled  by  skilled  hands,  smd  are  built  to  speci¬ 
fications  established  by  long  experience  in  actual  use.  They 
are  tough,  dependable  and  ECONOMICAL.  Standard  Relays 
carry  more  built-in  dollar  value  than  specially  designed  relays 
and,  being  standard  production  items,  deliveries  are  prompt. 

Ask  for  catalog  giving  spacifications  and  full 
ranga  of  coll  voltagas  on  all  typas  of  ralays. 


PRINCCTON,!ND 


Featuring  new  materials  and  desigiu,  the  new 
Nemco  Crystal  Holders  hove-  easily  passed 
every  test  to  which  they  have  been  subjected 
by  the  Signal  Corps,  and  crystal  manuiao 
turers. 

Nemco  Holders  are  designed  to  prevent 
deterioration  of  the  crystal  by  repelling 
water  vapor  under  tropical  conditions. 

Because  we  specialize  in  the  manufacture 
of  Crystal  Holders  exclusively,  we  con 
give  you  the  quality  and  service  to  help 
speed  your  production. 

Write  lor  samples  and  prices;  also  re¬ 
quest  quotations  on  your  requirements 
for  imprinting  holders  with  metallic  ink. 


Wanted 

ENGINEERS 


Radio 
*Elactrical 
Electronic 
*Mechanical 
^Factory  Planning 
Moterials  Handling 
Manufacturing  Planning 

Work  in  connection  with  the  manufac-l 
hire  of  a  wide  variety  of  new  and  ad¬ 
vanced  types  of  communications  equip¬ 
ment  and  special  electronic  products. 

Apply  lor  wrifal,  giving 
fall  qualilteaflons,  to: 

R.L.D..  EMPLOYMENT  DEPT. 

WesPem  EleOric  Co. 

100  CENTRAL  AV.,  KEARNY.  N.J. 

♦Also:  O.L. 

Locust  St.,  Haverhill,  Mass. 
Applicants  mutt  comply  with  WMC  rsqulations 


INSTRUMENT 

manufacturing  and 
repairing  fields 


Wke  IMPROVED 


KELNOR 


dcct%ic  SOLDERING  IRON 


patents 

APP.  FOR 


about  V, 
actual  size^ 
weighs  '/z  lb 


Easily  solders  hard-to-reach  connections. 
Cuts  down  fatigue,  increosas  occurocy. 


SRDIR  FROM  YOUR  JGIIIR,  IR  OIREGT. 
SENOUL  1.1011 1  eiNTlUl  TOWIR,  UN  nUNttlCS  S 

JfELNOB  MANUFACTURlkfi  SOiPANY 


"When  Ordering  Please  Mention  Electronics 


^<Mcr 


Mfq 


CRYSTAL  MANUFACTUftEftS! 


ECTRONICp 
MANUFACTURING  C0RP.| 


?2.78  SIEINWST  SI.,  lONG  ISIAND  CITY,  N.Y. 


Here  is  a  NEW  Holder, 

approved  by  the  Signal  Corps. 
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BACK  THE  INVASION  — BUY  MORE  BONDS  N  O  W  I 


li'iiiiiiiiiiuniiiiiiiiiii 


I  I  I  L  LI  U  III  L  U  ■ 

900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone:  Algonquin  4-5180-1-2-3 


"•ICHARC 


clamp-ammeter,  Models  461  and 
639  current  transformers  are  de¬ 
scribed  and  illustrated  in  Circular 
R-24-C,  an  8-page  booklet  entitled 
“Multi-Range,  Multi-Purpose  Test 
Instruments*'  which  are  for  use  in 
industry,  laboratories  and  schools. 
Weston  Electrical  Instrument 
Corp.,  Newark  5,  N.  J. 

Technical  Monographs.  These 
monographs  are  a  series  of  book¬ 
lets  available  from  the  Technical 
Service  Dept.,  of  Jensen  Radio 
Mfg.  Co.,  6601  S.  Laramie  Ave., 
Chicago  38,  Ill.,  and  are  available 
at  26  cents  each.  Monograph  No.  1 
on  loudspeaker-response  measure¬ 
ments  was  announced  in  Novem¬ 
ber  1944  Electbonics.  Monograph 
No.  2  is  titled  “Impedance  Match¬ 
ing  and  Power  Distribution  in 
Loud  Speaker  Systems.”  Mono¬ 
graph  No.  3  is  titled  “Frequency 
Range  and  Power  Considerations 
in  Music  Reproduction.”  No.  4  is 
called  “The  Effective  Reproduc¬ 
tion  of  Speech.” 

General  Catalog.  Nineteen  types 
of  measuring  instruments  are  de¬ 
scribed  and  illustrated  in  Catalog 
No.  46  which  also  gives  a  brief 
summary  of  the  background  of 
Ferris  Instrument  Co.,  Boonton, 
N.  J. 

Control  Instruments.  General  in¬ 
formation  as  well  as  circuits  and 
ratings  are  contained  in  Bulletin 
No.  149  which  tells  about  Power- 
stat  variable  transformers  which 
are  used  to  obtain  continuously 
variable  output  voltages  from  a-c 
power  lines.  Bulletin  No.  116  de¬ 
scribes  other  types  of  Powerstats. 
Superior  Electric  Co.,  Bristol, 
Conn. 

Electrical  C<mnecting  Devices.  A 
new  32-page  catalog.  No.  14,  illus¬ 
trates  and  describes  a  complete 
line  of  multi-contact  plugs  and 
sockets,  terminal  strips,  fuse 
mounts,  barrier  strips,  etc.,  avail¬ 
able  from  Howard  B.  Jones  Co., 
2460  W.  George  St.,  Chicago  18,  Ill. 

Resistor  Guide.  Technical  engi¬ 
neering  data  giving  types,  descrip¬ 
tions  and  specifications  on  eight¬ 
een  different  resistors  is  contained 
in  a  4-page  folder  available  from 
Madison  Electrical  Products 
Corp.,  Madison,  N.  J. 

Electrical  Contacts.  Standard 
forms  and  sizes  and  typical  as- 


lineers, 


.oW**®"* 

.y*ry 


V>«nt!der  your  Pilot  Light  prob¬ 
lem  solved!  The  extensive  Diolco 
line  covers  every  conceivoble 
application  —  Aircraft,  Marine, 
Electrical,  Electronic,  Radio,  ond 
Industrial.  We  are  geared  to 
supply  COMPLETE  ASSEMBLIES, 
housing  required  G.E.  or  West- 
inghouse  Lamps.  Special  empha¬ 
sis  on  NEON  applications.  Send 
data  for  estimates,  suggestions, 
and  samples. 


Write  for 
CATALOG 


TYPE  350  -  for  more  dependable, 
faster  soldering 


Where  precision  soldering  must  be  Mcemplislied  on  a  production  basis, 
HBXACON  Irons  satisfy  critical  requireinants.  ALL  HEXACON  irons 
hovo  roplaceoble  eloments  •and  scale-resistant  cares.  Heating  element 
is  housed  in  damage-proof  barrel  te  prevent  mechanical  biiury. 
Literature  describing  the  all-inclusive  HEXACON  line  of  screw  tip,  plug 
tip  and  Hatchet  type  irons — from  40  to  700  watts,  and  with  tip  di-< 
ameters  ranging  from  to  1%"— will  be  sent  on  request. 


HEXACON  ELECTRIC  COMPANY 

130  WEST  CLAY  AVENUE,  ROSEUE  PARK,  NEW  JERSEY 
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lOMn^ 


sasiss 


.  .  .ccbl"  ‘  'cdWays ,  4  #  «' 

Wbco  Rotary 
mtnt  to  do  its  k>b  In  a  woy  fitial 
l>«lp  build  >  and  ^  mointain ; 
flcord  ior,out8londln9  seridc^'^ 
^ipondability.  Our  en<ji^eor 
ot  your  i  service.  «  Gonsiill  ^: 
when  you  need— ■ 


:i^^Biilt-iR  aid  IheN  Tfp$ 


^  Adjvstible  Spead  aotori 
if  Syachroioas  Motors  4  ^ 

if  Rotary  Eleotrioal  Eqalp^" 
■pot  for  Avlatiof 

^  Dyianotors  aid  Inlnt 

t  Motor  Roioridor  Sots  \ 

★  Railroad  Car  Mfhti 
Reienlors . -ih  J 


HERMETICALLY  SEALED 
TRANSFORMERS 


We  are  completely 
equipped  to  build  and 
test  these  transformers 
to  meet  the  5-cycle  test. 
We  invite  inquiries. 


DONGAN  ELECTRIC  MFG.  CO. 

2977  Franklin  Detroit  7,  Mick. 


TIki  Dongcin  Line 
‘Since  Ninetfen-Nine 


We  Invite 
Inquiries 


[UCTRICAL  EQUIPMENT 

'“CMARCIR  corporation  SIOUX  city. IONA 


ALL-PURPOSE 


JACKS 


One  of  the  many  precision  radio 
parts  illustrated  in  the  NEW  Bud  Catalog 


Cntabc 

Nnmfeor 


1|^  •y^ 

D^'  ^ 


CMitMt 

ArraneMNMita 

Open  Cireuir 

Closed  Circuit 

t  Contact  Open 
Circuit 

Brake  Contact 
on  Tip  and  Ring 
Sprinns 

Separate  Make 
Contact  Sprinct 

Brake  Contact 
on  Tip  Spring, 
Separate  Make 
Contact  Spring 


These  Jacks,  although  small  in  size, 
are  among  the  finest  available.  The 
careful  design  and  high  quality  ma¬ 
terials  used  in  these  components 
assure  dependable  service  indefinitely. 
Circuit  opening  contacts  are  made  of 
pure  silver.  Tlie  laminated  bakelite 
insulation  prevents  breakdown  be¬ 
tween  springs  at  ordinary  voltages. 
Supplied  with  panel  insulating 
washers. 

Made  in  the  following  types,  shown 
at  left. 
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WRLNCHES 


semblies  are  contained  in  a  4-page 
folder,  designated  as  Catalog 
C-11,  which  tells  about  solder- 
backed  contacts  manufactured  by 
Gibson  Electric  Co.,  8350  Franks- 
town  Ave.,  Pittsburgh  21,  Pa. 


“Know-How”  Booklet.  “Lear 
Know-How”  is  the  title  of  a  new 
booklet  which  gives  a  complete 
story  of  this  manufacturer’s 
equipment  in  its  present  and  Po¬ 
tential  uses.  Lear,  Inc.,  Piqua, 
Ohio. 


"For  the  want 
of  a  shoe”  . . . 

For  the  want  of  a 
WRENCH  a  nut 
was  loose  ..... 

A  handy  Walden 
Worcester  wrench 
would  have  tight¬ 
ened  that  nut . . . 

Special  Aircraft  WRENCHES  to 
your  order, 


Component  Circular.  A  2-color, 
4-page  circular  describes  relays, 
switches,  condensers,  coils  and 
other  products  made  by  Comar 
Electric  Co.,  2701  Belmont  Ave., 
Chicago  18,  Ill. 


Type  P-2  ond  P-4,  Illus¬ 
trated,  emphasize  the  low- 
cost  factor  inhorent  in  all 
custom-designed,  high -ac¬ 
curacy  IN-RES-CO  resistors. 
Typo  P-2  has  a  maximum 
resistance  of  500,000 
ohms,  standard  tolerance 
of  V2%#  Va  watt  rating 
and  measures  9/14"  long 
by  9/16"  in  diameter.  Type 
P-4,  also  non-inductive,  has 
a  maximum  resistance  of  1 
megohm,  measures  1"  long 
by  9/16"  in  diameter,  and 
has  1  watt  rating. 

Especially  suited  for  preci¬ 
sion  apparatus  and  equip¬ 
ment  applications,  these 
typos  are  representative  of 
the  all-inclusive  IN-RES-CO 
wirewound  resistor  line. 
Here,  engineering  ingenu¬ 
ity— plus  exclusive  manu¬ 
facturing  techniques  —  can 
mean  substantially  lowered 
costs  in  post-wor  plannings. 
A  note  on  your  company 
letterhead  will  bring  your 
copy  of  tho  now  IN-RES-CO 
catalog;  no  obligation. 


Components  Catalog.  Catalog  No. 
100  contains  complete  information 
on  many  of  the  radio  and  elec¬ 
tronic  components  available  from 
Cambridge  Thermionic  Co.,  445 
Concord  Ave.,  Cambridge  38, 
Mass.  Products  described  include 
terminal  lugs,  x-ray  oriented  crys¬ 
tals,  u-h-f  i-f  transformers  and 
pressure  and  hand-swaging  tools. 


Wire  Catalog.  Firewall  aircraft 
wire  for  aircraft  control,  power, 
instrument  and  lighting  circuits 
is  described  in  a  24-page  catalog 
(Bulletin  No.  53-A).  Rockbestos 
Products  Corp.,  New  Haven  4, 
Conn. 


Radio  Parts  and  Hardware.  Some 
500  items  consisting  of  chemicals 
and  hardware  for  use  in  radio  are 
described  in  a  20-page  catalog. 
Walter  L.  Schott  Co.,  9306  Santa 
Monica  Blvd.,  Beverly  Hills,  Calif. 


Coupling  Transformer,  Plugs  and 
Jacks.  Bulletin  No.  31  contains 
data  on  a  rhombic  antenna  coup¬ 
ling  transformer,  and  on  coaxial 
plugs  and  jacks.  Andrew  Co.,  363 
East  75th  St.,  Chicago  19,  Ill. 


«My|i 

•••lyet 


Background  Brochure.  The  title 
of  this  brochure  is  “Case  Book” 
which  portrays  the  personnel  and 
factory  operations  involved  in  the 
manufacture  of  Harvey-Wells  com¬ 
munications  equipment.  Illustra¬ 
tions  and  brief  descriptions  of 
various  types  of  instruments  avail¬ 
able  are  also  given.  Harvey-Wells, 
Inc.,  Southbridge,  Mass. 


StN^  for  Cafolot  No. 
141  ^lorioo  0  lolt  lino 
of  Aufomokilt,  Aircraft 
afi4  Ra4io  ToNt. 


25  AMITY  STREET 
LITTU  FALLS,  N.  J. 


468  SHREWSBURY  STREET 


ELECTRONICS 


CUT  HOLES 
FAST 


^eeNLE 

1^4“ 


in  radio  chassis 

No  tedious  drilling ...  no  reaming . .  * 
no  filing!  Saves  hours  of  work.  Cuts 
clean,  accurate  holes  for  sockets,  plugs, 
other  receptacles.  Tool  has  three  parts; 
punch  cuts  through  chassis,  die  supports 
metal  and  prevents  distortion,  cap  screw 
is  turned  with  wrench  to  cut  hole.  Sizes 
for  holes  to  3Vi'.  For  complete  infor¬ 
mation  write  Greenlee  Tool  Company, 
1924  Columbia  Ave.,  Rockford,  Illinois. 

WRITE  FOR  FREE  FOLDER  S-119  ^ 


IGISTIRID  TOOLS 


WMrW'"  i  *  W 

||k  'HM  1  I 

A.  ^ 

■_»mp«r»TUfe . a.  aaoop. 

""w  C«^cl*nt  of  ■xpontien . S.  13x10— « 

■MMuro  Abwrptloi  (ASTM  D-110-4a-A) . O.OOO*/^ 

JJskeri  of  electrical  and  radio  ^paracus  destined 
■Of  war  se^ice  are  finding  in  LAVITE  the  ore- 
“*•  qualities  called  for  in  their  specifications 
i  *  •  hiffh  compressjve  and  dielectric  strength, 
w  moimre  absorption  and  resistance  to  rot, 
|®®M,  acids,  and  high  heat.  The  exceedingly  low 
joj»-faaor  of  LAVITE  plus  its  excellent  worka- 
makes  it  ideal  for  all  high  frequency 
»Micationi. 

We  will  gladly  supply  samples  for  testing. 

D.  M.  STEWART  MFG.  COMPANY 

Main  Office  &  Works,  Chattanooga,  Teitn, 

Ysrfc  NMdhSM,  Matt.  Chicaie  Let  Anstitt 


andnillS 


F  o  r  e  d  o  m  Machines  are  em¬ 
ployed  in  many  thousands  of 
manufacturing  plants  for  grind¬ 
ing,  finishing,  polishing,  debur- 
ring,  milling,  cleaning,  etc., 
replacing  old-fashioned,  time¬ 
killing  hand  methods. 


4  QuIcklY-Inftrdtangtobh  handpiece  lypee— pencil 
site  and  larger— tome  wifh  detlble  writl—eee  arrow. 


Foredoms  are  used  in  3  key  departments, — 
production — ^tool  room — maintenance.  Among 
the  leading  industrial  plants  employing  Fore¬ 
doms  are  Ford,  General  Motors,  Chrysler, 
Nash-Kelvinator,  Jack  &  Heintz,  Sperry  Gyro¬ 
scope,  Bendlx,  Westinghouse,  etc. 

Model$  from  $17,50  to  $48,75,  Catalog  No, 
45  shows  complete  line  and  many  uses, — may 
point  the  way  to  solving  some  of  today*s  pro- 
duction  and  medntenance  problems.  Write 
for  your  copy. 


Another  Foredom 
TimeSiner 

BRINDING  KIT 

Medal  111 

On*  of  Ftrtdoai’t  eompleto  lint  of 
vertatlla  utility  irindint  kltt  srt- 
ftrrod  ky  to  many  plantt  for  smor- 
gonay  and  malnttnaneo  noodt.  You 
too  will  And  it  payt  to  tpot  thorn 
llborally  about  your  plant.  Ponoll- 


tlpht  eorntrt  for  touohlnp-un  pro¬ 
duction  tot-upt.  Comploto  with  ac- 
eottorlot  $23.50. 

^  ★  ★  ★  ★  ★  ★ 


Par  maintonanoa  and  oumt- 
-  •ancy  niadt  tauehint  up 
tat-upt  withaut  ditattambly, 
rtmavlnp  hiph  tpott  on  paart, 
IdantlEeatlan  marUnp  af 
aquipmant,  ata. 


^  nMntt,  far  pHadlnp.  Enlth- 
Inp  and  touahinp  ap  diaa, 
maldt,  Jlpt,  ata. 


3  far  tfa-borrlaa.  priMlIna, 
Enlthlnp,  poflthlnp  ana 

othar  lipbt  produetian  labs— 
partleularty  valuabla  an  Imp- 
ularly-thapad  partt. 


Order  from  your  regular  Dealer  or  direct 


jUXIBlf  SHAFT  MACHINES 

SOLVE  MANX  PPODlir.TICN  ANC  MAINTENANCE  PROBLEMS 

(''i.ErinM  EiruRic  co  .n  park  flace,  new  york  city 


Foradam  Elootrla  Company 
27  Park  PI.,  Now  York  7 
Pleato  tend  us  your  new 
catalog  No.  49  showing  the 
dlffarmit  naea  of  Foredom 
Flexible  Shaft  Machines. 
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Vibrator  Analysis 

By  N,  0.  Myklestad,  Research  Asso¬ 
ciate,  Guggenheim  Aeronautical  Lab¬ 
oratory,  California  Institute  of  Tech¬ 
nology,  McGraw-Hill  Book  Co.,  Inc., 
New  York,  300  pages,  price  ^3.50. 

Rarely  does  the  dean  of  an  engi¬ 
neering  science  take  time  out  from 
his  research  to  publish  a  text  ex¬ 
pressly  written  for  the  uninitiated. 
However,  Mykelstad  has  presented 
the  fundamentals  and  analytical 
methods  for  studying  vibration 
with  especial  care  to  define  terms 
so  that  the  beginner  will  not  be  mis¬ 
led  or  confused. 

Undamped  and  damped  vibra¬ 
tions,  free  and  forced  vibrations, 
and  vibrations  of  several  degrees  of 
freedom  both  translational  and  ro¬ 
tational  are  discussed.  The  final 
chapter  culminates  in  an  analysis 
of  flutter  of  propeller  blades.  Each 
section  contains  problems  with 
answers  as  well  as  illustrative  ex¬ 
amples  and  solutions. 

To  the  electrical  engineer  the 
mathematics  of  these  mechanical 
vibrations  will  readily  be  recog¬ 
nized  as  that  of  transient  circuit 
analysis,  except  for  the  different 
symbols  and  their  physical  signifi¬ 
cance. — F.R. 
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British  Standard  Glossary  of 
Terms  Used  in  Telecommu¬ 
nication 

B.S.  204:  1943,  published  by  British 
Standards  Institution,  28  Victoria  St., 
London,  jS.fF.l,  107  pages,  price  3/6. 
Also  available  from  American  Stand¬ 
ards  Association,  70  East  Forty-fifth 
St.,  New  York  17,  N.  Y.  (price  $1.25). 

This  second  revision  (first  pub¬ 
lished  in  1924;  first  revision  'in 
1930)  of  one  of  the  few  authorita¬ 
tive  glossaries  of  electronic  terms 
in  print  defines  with  British  ter¬ 
minology  the  technical  terms  used 
in  speech  testing  and  acoustics;  in 
transmission  practice;  in  vacuum- 
tube  design  and  use ;  in  cathode-ray 
tube  applications ;  for  electrical 
characteristics  of  transmission  cir¬ 
cuits  and  equipment;  in  telegraphy, 
telephony,  radiocommunication, 
television,  and  radio  direction-find¬ 
ing;  and  for  fire  alarms. 

According  to  H.  M.  Turner,  past- 
president  of  IRE,  who  reviewed  the 
standard  in  Industrial  Standardiz- 
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atzon,  essentially  the  same  subject 
matter  is  covered  as  in  the  stand¬ 
ard  on  corresponding  American 
terms.  He  notes  a  few  departures, 
however,  particularly  in  the  inclu¬ 
sion  in  the  British  standard  of  such 
unfamiliar  terms  as  psophometric 
voltage,  logatom,  chronopher,  omni¬ 
aerial  ,and  singing  suppressor.  The 
terms  Klystron  and  rhumbatron 
are  defined  in  this  publication  for 
the  first  time. 
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What  are  Cosmic  Rays? 

By  Pierre  Auger,  Ecole  Superieun 
Normals,  Paris.  University  of  Chicago 
Press,  Chicago  37,  HI-,  19^5,  150  pages, 
$2. 

The  author  has  written  primarily 
for  an  educated  scientifically-in¬ 
clined  public  who  want  to  be  fam¬ 
iliar  with  current  developments 
in  science  without  having  to  ac¬ 
quire  a  knowledge  of  physics  and 
mathematics.  The  subject  is  not 
one  in  which  the  average  layman 
can  find  interest,  however,  for 
three  reasons:  first,  cosmic  rays 
have  not  yet  been  put  to  practical 
use;  second,  no  effect  on  humanity 
has  yet  been  discovered;  and  third, 
they  are  still  a  scientific  curiosity 
of  unknown  origin  and  value,  at 
least  as  far  as  the  book  discloses. 
On  the  other  hand,  however,  the 
fact  that  scientists  have  during  the 
past  40  odd  years  gone  to  the  ends 
of  the  earth,  miles  above  the  earth, 
into  deep  mines  in  the  earth,  and 
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far  down  in  the  oceans  to  check  I 
the  intensity  and  variations  in  cos¬ 
mic  rays,  deserves  the  attention  at 
least  of  thinking  men. 

The  translator,  Maurice  M. 
Shapiro,  points  out  that  this  is  the 
only  volume  in  English  that  gives 
a  broad  and  up-to-date  discussion 
of  all  the  major  cosmic-ray  phe¬ 
nomena.  Arthur  H.  Compton, 
winner  of  the  Nobel  Prize  in 
physics  in  1927,  recommends  it 
with  the  statement  that  “For  the 
audience  for  which  it  is  intended, 
the  book  is  distinctly  the  best  that 
has  yet  appeared.” 

The  story  of  the  discovery  of 
cosmic  rays  is  told  first  and  vari¬ 
ous  detecting  devices  described  and 
illustrated.  These  devices  provided 
means  of  indicating  ionization  of 
gases,  which  is  produced  by  cosmic- 
rays.  The  studies  are  then  traced 
through  “the  heroic  epoch”  during 
which  “investigators  plunged  with 
fervor  into  an  exploration  of  the 
new  terrain”,  gradually  making 
order  out  of  chaos.  The  studies 
here  included  the  well  known 
stratosphere  balloon  flights,  such 
as  that  by  Piccard,  the  Belgian 
professor  of  physics.  One  result  of 
this  study  is  that  “today  the  varia¬ 
tions  of  latitude  of  cosmic-ray 
ionization  are  well  known,  and  they 
provide  a  conclusive  argument  in 
favor  of  the  corpuscular  and  elec¬ 
trically  charged  nature  of  the 
primary  cosmic  radiation.”  Also 
the  extra-terrestrial  origin  of  the 
cosmic  particles  has  been  proved. 
However,  question  No.  1,  “what  is 
the  origin  of  the  rays?”  remains 
unanswered.  The  fifth  and  final 
chapter  summarizes  existing  data. 

The  author  has  made  an  effort 
to  give  the  book  a  popular  flavor  by 
means  of  chapter  subjects  and  sub¬ 
headings  such  as;  The  physicist  is 
defied,  enter  Jules  Verne,  a  cosmic 
rainstorm,  cosmic  block-busters,  a 
phantom  particle,  and  epitaph  of  a 
mesotron.  If  these  headings  lead 
the  reader  to  expect  as  easy  and 
pleasant  reading  as  Paul  de  Kruif’s 
articles  on  medical  research  and 
progress,  he  is  sure  to  be  disap¬ 
pointed.  It  will  take  more  persist¬ 
ent  effort  to  stay  with  it,  and  con¬ 
centration  to  learn  from  it. — m.g.v. 
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Posit  iun 


ELECTRONICS 


JONES  BARRIER 
TERMINAL  STRIPS 

Bakelite  Barrieis 
.  placed  between 
Terminole  increase 
the  leakaqe  path 
and  prevent  direct 
shorta  from  frayed 
2-142  wirea  at  Terminala. 

Terminala  and 
^  acrewa  ore  of  nickel 

plated  braaa.  Inau- 
lation  la  of  BM  120 
molded  Bakelite. 
niuatroted  ore  three 
typea:  Screw  Termi- 
2-142-%W  nala.  Screw  and 

^  aolder  Terminala  and 

Screw  Terminal 
above  panel  with 
aolder  Terminal  be- 
low.  For  every  need, 
gt^^r  Six  aeriea  cover  ev- 

2>142-Y  *'7  requirement: 

No.  140  —  5-40 
acrewa.  No.  141 — 6-32  acrewa.  No.  142 — 
8-32  acrewa.  No.  ISO — 10-32  acrewa.  151 — 
12-32  acrewa  and  No.  152 — V4-28  acrewa. 
Theae  aturdy  Terminal  Strlpa  will  not  only 
Improve  your  electrical  connectiona  but 
will  add  conaiderably  to  the  appearance  of 
your  equipment.  A  truly  modem  Terminal. 

Write  today  for  catalog  No.  14  Hating  our 
complete  line  of  Barrier  Stripa  in  addition 
to  other  Electrical  Connecting  Devicea. 


l+iouuflRD  B.joncs  compflny 

2460  UU.  G€ORG€  ST.  CHICftGO  16 


Just  knowing  how"  is  not 
enough. 

Only  to  a  few  is  granted 
that  combination  of  expe¬ 
rience,  organization  and 
equipment  which  sets 
them  apart  as  specialists. 

We  can  rightfully  claim 
that  distinction  —  we  are 
specialists  in  screw  pro¬ 
duction.  If  you  have  a 
special  screw  problem, 
consult  us. 


NEWIENGLAND 


KEENE,  NEW  HAMPSHIRE 

Machine  screws  elastic  insets 

SHEET  METAL  SCREWS  HOLDING  WNS 
machine  screw  nuts  SfEClAL  RIVETS 
ALL  TYRES  OF  HEADS  AND-THREADS 


BAKELITE  SHEETS 
RODS  AND  TUBES 


We  can  furnish  Army  and 
Navy  specification  materials 
from  our  representative  local 
stocks.  On  special  mill  ship¬ 
ments  we  can  give  prompt 
delivery.  Also  complete  fabri¬ 
cation  service  backed  by  20 
years  of  experience. 

ELECTRICAL 
INSULATION  CO.,  INC. 

12  Vestry  St..  New  York  13,  N.  Y. 


Ill  i 


Electronic 

Communication 

Components 


SPECIAL  COILS 

Advanced  design.  Finest  quality  materials.  Pre¬ 
cise  construction.  High  operating  afFiciancy. 
Used  for  high  Q  reactors,  400-cycle  aviation 
instrument,  test  equipment,  special  relays,  or 
other  devices  requiring  better  quality  coils. 


iiiWrci] 


NORTHERN  COMMUNICATIONS  MANUFAdTURING  CO. 

210  EAST  40th  STREET  NEW  YORK  16,  N.  Y. 

Manufacturers  of  Transformers  •  Special  Coils  •  Reactors  •  Sound  Systems 
Recorders  •  Equalizers  •  Full  Range  Phonograph  •  Coaxial  Transmission  Lines 


Precision  engineered  for  electronic  requirements 


Quadriga  Quality  Washers 

Special,  Flat,  Tension  and  Spring,  Formed  and  Drawn,  Cupped 
and  Finishing,  Wire  Terminals,  etc.  Any  quantity.  Prompt 
delivery.  Also  SMALL  STAMPINGS,  any  design.  Sand  speci¬ 
fications  for  quotations.  f— 

A$k  for  Quadriga  Catalog 

Photos  show  samples  of  Quadriga  superiority.  / 

Tables,  data,  valuable  Information.  Wire  or  write.  /  \Q|p1g^  f 

THE  QUADRIGA  MANUFACTURING  CO. 

fncerporofecf  1994.  "Halt  a  ccefary'* 

221 A  West  Grond  Av«..  Chicago  10.  III. 
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Matt  production  mothodt  domond  high 
dimontionai  accuracy  today,  particu* 
larly  whoro  roplacomont  portt  mutt  bo 
roadity  intorchongooblo.  Tho  oxpori* 
onco  and  manufacturing  tochniquot  of 
OLYMPIC  atturo  ttrict  adhoronco  to 
dimontionai  limitt  in  thoot  motal  work* 
ing  and  fabrication. 

OLYMPIC  motal  fabrication  facilitiot 
aro  availablo  for  tho  accurato  and 
procito  fulfilimont  of  your  noodt. 
Stamping,  forming,  tooling,  turning, 
drawing,  grinding,  toldoring,  wolding 
or  brazing,  otc.— <ill  aro  accomplithod 
_  to  your  oxact  tpocificationt.  Any  finith 
^  —painting  or  plating— «t  roquirod. 


craftsmanship 


IN  metai  parts 


OLYMPIC 

TOOL  &  MFG.  CO.,  INC. 

39  CHAMBERS  ST. 
NEW  YORK  7,  N.  Y. 


Backtalk 

Thid  department  U  oper* 
ated  as  an  open  forum 
where  our  r«Bdert  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published 

Who  Invented  the  ‘ 

Electron  Microscope? 

Dear  Sirs : 

Mr.  L.  a.  Austrian,  in  his  letter 
on  page  380  of  your  December 
1944  issue,  has  evidently  mistaken 
the  Ultra  Microscope,  invented  in 
1902  by  H.  Siedentopf  and  R. 
Zsigmondy*,  for  the  Electron  Micro¬ 
scope  which  was  invented  nearly 
thirty  years  later  and  was  then  in¬ 
dustrially  developed  in  Germany 
and  in  this  country. 

The  Ultra  Microscope  makes  use 
of  visible  light,  illuminating  sub- 
microscopic  particles  transversely 
to  the  direction  of  vision  and  thus 
forming  an  image  consisting 
merely  of  irregular  points,  with¬ 
out  any  definition. 

The  other  reference  of  Mr.  Aus¬ 
trian  with  respect  to  the  Electron 
Microscope  contains  inter-German 
polemical  material  all  of  a  later  date 
than  the  priorities  of  the  U.  S. 
Patents  of  Dr.  Rtidenberg  cited  by 
me,  which  are  of  May  30,  1981. 
Hence  I  referred*  to  this  scientist 
as  the  true  inventor  of  the  Electron 
Microscope.  In  his  basic  patents 
this  modern  instrument  is  de¬ 
scribed  for  the  first  time  with  all 
the  fundamental  and  necessary  de¬ 
tails.  Usually  we  call  the  origi¬ 
nator  of  such  patents  the  inventor 
of  the  new  device. 

Harry  Stockman 

Cruft  Laboratory,  Harvard  Vntveroity 
Cambridge,  Matt. 

(1)  Ann.  d.  Phyt.,  10,  p.  1,  1903. 

JtU)  liLBCTKONics,  p.  862,  Mar.,  1944. 

a  a  a 

Cold-Water  Cure 

Dear  Mr.  Henney: 

Unprepared  listeners  confronted 
with  high  and  low  fidelity  repro¬ 
duction  and  asked  to  choose  be¬ 
tween  them  will  invariably  choose 
the  low  fidelity.  The  reasons  are 
many  but  are  mainly  those  men¬ 
tioned  in  your  editorial  on  the  sub¬ 
ject 

Prior  to  the.  war  this  preference 


WIRES 


mnoE  Bv 


coBccnltaling  upon 


VICTORY 


lor  the  duration  . 


cornish 

WIRE  COMPANY,  m 

lb  Pork  Row  NtwYorkLity  NewYork 


•PROFESSIONAL  SERVICES^ 


WALLACE  CLARK  &  COMPANY 

Consulting  Management  Engineers 

2S  yMrs  Planning  In  tha  Fialdt  of  Ratoarch, 
Davolopmant,  Salai,  Enginaaring,  Production 
Financa  and  Ovarall  MaaagoiMiit. 

52f  Fifth  Artnue  Now  York  17,  N.  Y. 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 
INDUSTRIAL  ELECTRONICS 
Dealirn — DoTolopment — Modela 
Complete  Laboratory  and  Shop  FoollltiM 
eS0»-13— S7tb  Are. 

Kenosha,  Wls.  Telephone  X-421< 


DON  FOSTER 

Engineering  Consultant 

Electrical  SpeolalUt  In  Meelunical 

Anmljils  Sound  and  Eloetronie*  Derelopment 
30  Bums  Are.,  Wyomlnx  15.  Ohio 


HODGSON  &  ASSOCIATES 

Phyaica,  Matbematica,  Research,  Develop¬ 
ment  a  Patent  Conanltants. 
Satisfaction  guaranteed.  Submit  tout  problem 
for  a  preliminary  surrey  without  cost. 

Box  8T4  Sherman  Oaks,  CaUfomU 


JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 

Electrical  and  Mechanical  Englireerlnz  Problems 
Instruments  and  control  Devices  Eleetronioii 

SpeclaUsts  In  Colorimetry.  Speotoidiotometry  and 
Industrial  Color  Control 
Laboratory  and  Shop  Facilities 
202  Darby  Read  Llanereh,  Pa, 

Phone  HUltop  0010 
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EnGinEERino  comppnv 


CHANCEI^ 
ac«;A.U  ^ 


BURSTEIN-APPLEBEE  CO 

1012-14  McGEE  ST. 
KANSAS  CITY  6,  MISSOURI 


GENERAL  CEMENT 


MFC.  CO 

Rockford,  Illinois,  U.S.A. 


“"rVmovIb" 


MINIATURE7;tfr/j/i^//.B[ARlNCS 


731  8o.  13th  St.  (new  Avon  Ave.) 


Electron  Tube  Machinery 

of  every  type, — standard,  and  special  desipn 

Spocialiata  in  Equipmont  for  tho  monufae- 
turo  of  Radio  Tubos,  Cathode  Roy  Tuboa. 
Fluoroscont  Lompa.  Ineondoacaat  Lcnnpa, 
Neon  Tubea,  Photo  Celia,  X-roy  Tubea 
and  other  gloaa  or  electronic  producta,  on 
production  or  loborcrtory  baaea. 


Rodionic's  Catalog  No.  26 
lists  hord'to-get  radio  partsi  •  Helps 
you  fill  your  radio  and  electronic 
needs.  •  All  parts  are  available  for 
inrmediote  shipment  •  All  ore  highest 
quality.  •  All  are  exceptional  values. 
SEND  TODAY  FOR  YOUR 
FREE  COPY  TO  - 


DEVICES 

TRADE...  INDUSTRY  e 
COMMUNICATION. 
PUBLIC  UTILITYee. 
VOCATIONAL  AND 
EXPERIMENTAL 
APPLICATIONS 


MICROMETER  , 

FREQUENCY  ^^^^^^^Tran  sm  Itts 

from  I.S  te  56  an 
METER  within  0.01  per  ce 

LAMPKIN  LABORATORIES 

Bradoatea,  Fla.,  U.  S.  A. 


Strip  Insulated  Wires  ^ 

QUICKER  ...  BETTER 
with  ^^UMidUx" 

AUTOMATIC  WIRE  STRIPPER  t 

Speeds  Production  y 

Strips  InsMlation  from  all  types  of  U 
wire  —  instantly,  easily,  peHactly. 

Just  press  the  handles  and  the  job 
It  dent.  Cuts  wire  too.  Strips  800  S 
to  lOOO  wires  per  hour.  Available  ' 
for  all  size  solid  or  stranded  wires 
-No.  8  to  No.  30.  List  Price  $5.00. 
Nfrlfe  Dept,  E  fer  Full  Partleulart 


SOMETHING  NEW! 


TUNGSTEN  LEADS 


PRODUCED  FROM  CONTHfUOUB  SPOOLS 
OF  WIRE,  EITHER  STRANDED  OR  SOLID. 
ASSURING  OVERAU  UNIFORMITY.  EACH 
TINY  WIRE  OF  THE  STRANDED  CABLE  IS 
POSITIVELY  FUSED  TO  THE  TUNGSTEN. 

writp  for  dotatli  &  sonip/as 

GLENDALE  VACUUM  PRDDUCTS  CD. 

8816-77tb  Ava.  Brooklyn  27,  N.Y. 


Making  quality  and  accuracy  In  our  fabrica¬ 
tion  of  Tungeten  and  Molybdenum  Ribbons  the 
chief  requisite  to  effective  collaboration  with 
the  Engineering  needs  of  the  Electronic  In- 
dustry  .  j  ,  . 

A  devulepment  et 


MORE  RF  KILOWATT  HOURS 
FER  DOLLAR  WITH 

F  &  O 

TRANSMITTING  TUBES 

Inquiries  Invited — ^Let  us  explain  how 
Sarlnss  are  effected  and  the  F  ft  O 
greater  guarantee. 


H.  CROSS  CO 


FKEIAND  &  OUCHNER  PRODUCTS  Inc. 

611  Boronne  St.,  Now  OrUans  13,  La. 
Raymond  4756 

High  Power  Tube  Specialists  Exclusively 

C/l  To  100  KW) 


etanmc 

n$T  ; 


Havo  yoo  toldoriag  probloms? 

Do  yoB  use  or  itioko  kormotle  seals? 

Deos  your  oloctre>tla  plot# 

exidiso  and  rafnsa  to  soldor? 

If  so,  lot  me  help  you.  There  U  a 
new  deTelopmont  In  the  art  of  hot 
tinning.  A  now  doTolopmont  that 
requires  no  acid,  no  alkalin,  no  cor- 
roslTO  flux.  A  now  doTolopment  thot 
has  uiidreamed  of  possibllitlos. 

For  further  information  send  your 
problem  and  samples,  if  possible,  to 

DON  FOSTER 

se  SURNS  AVSNUi,  WY0MIN6  IS,  OHIO 


\mmtm 
f  swum 


^  Contains  detailed  descriptions  of 
models  we're  now  making. 

We  manufacture  Volt-Ohm  Milliemmeters, 
Insulation  Testers,  Signal  Generators  and 
Tracers,  Industrial  Analyiers,  Voltage  Test¬ 
ers,  etc. 

SUPtRIOR  INSTRUMiNTS  W.,  Dept.  157 
227  Fultoe  5t.,  Hew  York  7,  N.  Y. 
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for  low  fidelity  reproduction  was  a 
real  problem  to  me  in  manufactur¬ 
ing  and  trying  to  sell  (at  fancy 
prices)  high  fidelity  reproducers. 
The  answer  to  it  was  very  simple. 

The  prospective  customer  was 
asked  to  sit  and  listen  to  a  specially 
doctored  amplifier  in  which  the  fre¬ 
quencies  between  about  2,000  and 
5,000  were  boosted  somewhere  be¬ 
tween  ten  and  twenty  db.  The 
sound  was  pretty  bad,  and  it  was 
often  difficult  to  make  the  victim 
sit  through  a  whole  twelve  inch 
record. 

But  after  he  had  submitted  to 
this  torture  he  was  asked  to  listen 
to  a  well-balanced  high  fidelity  re¬ 
production  of  the  same  record.  This 
he  found  extremely  pleasing  until 
suddenly  in  the  middle  of  it  we 
turned  the  tone  control  full  on, 
cutting  out  everything  above  about 
3500  cycles  in  the  manner  of  the 
best  commercial  consoles.  His  dis¬ 
gust  at  this  effect  was  as  great  as 
his  horror  of  the  distortion  in  the 
other  direction. 

By  this  roundabout  process  we 
at  least  sold  our  reproducers,  and 
to  the  best  of  my  knowledge  all  our 
customers  have  remained  sold  on 
them.  Perhaps  the  method  was  not 
a  fair  test  of  listener  preference 
but  it  was  the  only  simple  and 
quick  way  of  removing  the  long 
“wash-tub”  conditioning  to  which 
commercially  available  radios  had 
subjected  him. 

Sutherland  Macklem 

Inapection  Board  of 
United  Kingdom  and  Canada 
Ottaiea,  Ont.,  Canada 


SEARCHLIGHT  SECTION 


EMPLOYMENT  SERVICE 


SALARIED  POSITIONS  —  Thla  advertUln* 
service  of  36  ’  years  recognized  standinr 
negotiates  for  high  salaried  supervisory  tech¬ 
nical  and  executive  positions.  Procedure  will 
be  individualized  to  your  personal  require¬ 
ments  and  will  not  conflict  with  Manpower 
Commission’s.  Retaining  fee  protected  by  re¬ 
fund  provision.  Identity  covered  and  present 
position  protected.  Send  for  details.  R.  W. 
Bixby,  Inc.,  27S  Delward  Bldg.,  Buffalo  2,  N.  T. 


POSITIONS  WANTED 


209SB 


ELECTRICAL  ENGINEER  wishes  permanent 
position.  Familiar  with  design,  application 
and  maintenance  of  electronic  electrical  and 
mechanical  equipment.  Employed  several  yean 
in  manufacturing  plants,  including  chemical 
plant,  processing  Amino  Acids.  PW-817,  Elec¬ 
tronics,  620  N.  Michigan  Ave.,  Chicago  11,  III 


EXPERIENCED  VACUUM  tubes  and  incan¬ 
descent  lamps  glass  man.  PW-818,  Elec¬ 
tronics,  620  N.  Michigan  Ave.,  Chicago  11,  RL 


WEST  COAST 


Position  dosirod  with  aggroisiTO  firm,  f 
$6000  minimum.  Eight  years  onginoor-  ' 
ing  and  sales  experience  with  large  ‘ 
electronic  equipment  manufacturer,  in  ' 
broadccut  transmitting  equipment,  radar.  ^ 
and  industrial  heating.  Welcome  plenty  r 
of  responsibility. 

8A-197,  Electronics 

380  West  42nd  St.,  New  York  18,  N.  T. 


These  two  Johnson  sockets  hove 
identical  shape  and  sixe.  Only  a 
ceramic  expert  can  tell  them  apart  yet 
the  No.  2()%B  regularly  sells  for  more 
than  twice  as  much  as  the  No.  209. 

Our .  customers  know  that  there  are 
hidden  values  in  the  No.  209SB.  It  has 
best  quality,  low  loss,  steatite  insula¬ 
tion  ond  beryllium  copper  contacts. 
While  the  No.  209  is  correct  for  certoin 
opplicotions  it  does  not  hove  these  ex¬ 
pensive  special  moterials.  Each  socket 
would  be  a  logicol  choice  in  its  proper 
place.  Although  the  difference  is  not 
visible  to  the  untrained  eye,  it  would  be 
very  obvious  in  a  carefully  gouged  per- 
formonce  test. 

Not  all  of  our  customers  for  the 
No.  209SB  go  into  these  details.  They 
^rely  buy  the  socket  for  the  hidden 
volues  which  ore  built  into  every  John¬ 
son  product,  since  they  take  Johnson's 
recommendations  with  confidence. 

There  ore  Johnson  sockets  for  every 
tube  type,  in  oddition  to  the  above  old 
standbys. 

Doto  for  both  types: 

Diameter  _ 2  13/16" 

Height  . _.1%" 

Type  . UX  BASE 

Mounting  centers _ 2  SJi6" 


SALES  IN  CHiaGO 


Eftablighed  Sales  and  Application  En¬ 
gineering  orgonixation  in  Chicogo  de¬ 
sires  to  represent  on  additional  manu¬ 
facturer.  If  you  make  products  of  merit 
used  by  Rodio,  Electronic  and  other 

I  * 

manufocturers  os  port  of  their  assem¬ 
blies  our  efforts  con  secure  substontial 
and  permanent  business  for  you.  Write 
for  details. 

RA-788,  Electronics 
620  N.  Michigan  Ave.,  Chicago  11,  III 


On  the  House 

Dear  Mr.  Henney: 

Would  it  be  possible  to  insert  a 
correction  notice  into  an  early  issue 
of  Electronics  in  regard  to  the 
following  t3i)ographical  error  in 
my  article.  Relays  in  Industrial 
Tube  Circuits,  Jan.  1945. 

On  the  4th  and  3rd  lines  from 
the  bottom  in  the  left  column  of 
page  187  it  reads: 

GJ  =  G*r,  (r,  -1-  R,) 

This  should  read: 

G/  =  G«  r,/(r,  +  R,) 

Of  course,  this  error  would  not 
fool  an  expert,  but  I  feel,  that  its 
correction  would  be  in  line  with  the 
high  standard  of  Electronics. 

Ulrich  R.  Furst 

Chicago,  III. 


Meters 

BOUGHT  AND  SOLD 

Stock  of  OTor  3000  now  2  ond  3 
inch  ponel  meters 
IMMEDIATE  DELIVERY  ON  AA5 
PRIORITY 

Also  4000  used  meters  of  all  eis** 
in  stock. 

Mariftme  Switchboard 

ELECTRICAL  INSTRUMENTS 

336  Canal  St.  N.  Y.  13.  N.  Y. 


Ask  for  Catalog  968D. 


SELLERS  BUVERS  TR4DERS 

IRONS  STEEL  * 

Delferf  PRODUCTSfliCf  ixporhacol 

13422-A  S.  Bralnsrd  Avs.,  Ctilcsgo  33,  llUsei* 

"ANYTHING  CamtaMmg  IRON  er  STtif 
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These  units,  7/16"  x  9/16"  x  3/4"  are  the  optimum  in 
small  transformer  design  . . .  they  have  been  in  pro* 
duction  for  five  years.  • 


This  dual  purpose  aircraft  filter  was  reduced  in 
weight  through  UTC  design  from  550  to  27  ounces. 


Hundreds  of  thousands  of  UTC  Ouncers  have  been 
used  in  the  field.  Solder  sealed  hermetic  constructions 
effecting  the  same  weight  and  space  savings  are 
now  in  production. 
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^^Wallpupar-winding  machine  equipped  with  General  Electric  photoelectric  side-register  control 

ELECTRONIC  APPLICATIONS  IN  INDUSTRY .  92 

Present  and  potential  uses  In  796  plants  in  1 1  major  industries  are  surveyed 

ROCK  ISLAND  RAILROAD  RADIO  TESTS,  by  Ernest  A.  Dahl  .  96 

Signal-to-noise  ratios  are  charted  for  40,  118,  150  and  2000  to  3000-Mc  systems 

ORBITAL-BEAM  U-H-F  TUBES,  by  Rogers  M.  Smith .  .  103 

Frequency  of  oscillajlon  can  be  controlled  with  external  keying  signals,  at  values  up  to  500  Me 

SHIELDING  OF  DIELECTRIC  HEATING  INSTALLATIONS,  by  G.  W.  KUngaman  and  G.  H.  Williams  106 

Field  intensify  measurements  show  effects  of  various  shields,  grounding  systems  and  filters  on  radiation 

F-M  FIELD  SURVEY  TECHNIQUES,  by  Phil  B.  Laeser .  110 

Procedure  for  equipping,  calibrating  and  using  a  field  car  to  secure  data  for  actual  coverage  contours 

AGC-NOISE  C9NSIDERATIONS  IN  RECEIVER  DESIGN,  by  John  B.  Moore .  116 

Automatic  gain  control  and  its  effect  on  signal-to-noise  ratio 

FUNGUS  AND  MOISTURE  PROTECTION,  by  R.  Proskauer  and  H.  E.  Smith .  119 
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Here  is  more  evidence  of  Tobe’s  Leadership  in  the 
noise  elimination  field.  This  remarkable  SCREEN 
BCX)TH  FILTER  is  designed  for  use  in  laboratory 
testing  rooms,  including  those  already  shielded  to  pre¬ 
vent  outside  electrical  interference.  It  is  attached  to 
the  power  line  at  the  point  of  entrance  into  the  booth, 
and  is  designed  to  eliminate  troublesome  interference 
which  might  upset  vital  testing  work.  Note  the  excep- 
tiotud  frequency  range,  from  .15  MC  to  400  MC 


.  .  .  TOBE!  We  have  a  great  inventory  of  knowledge 
on  this  subject,  backed  by  17  years’  experience.  Your 
inquiries  are  welcome  at  any  of  our  offi^.  Investigate 
the  applications  you  can  make  of  TOBE  Filters,  includ¬ 
ing  the  unusual  SCREEN  BOOTH  FILTER  described 
on  this  page. 
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Whenever  your  problem  is  connected  with  eliminat¬ 
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